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Preface to Volume 2 


This volume of the PRACTICAL OSCILLOSCOPE HAND- 
BOOK is devoted to applications of interest to technicians in science 
and industry. (Volume 1 of this set introduces the oscilloscope and 
explains applications primarily useful to general technicians, radio 
operators, servicemen, and hobbyists.) It is assumed that anyone 
using this volume is familiar with oscilloscope fundamentals and 
basic electronics. 

As in Volume 1, the testing directions are as recipe-like and dross- 
free as possible, so that all steps may be followed efficiently. Each 
step-by-step procedure is a guide to a specific test or measurement 
and is set up for handy reference. (For a more exhaustive treatment 
of many of these test areas, see Encyclopedia on Cathode-Ray Oscil- 
loscopes and Their Uses by J. F. Rider and S. D. Uslan and Ob- 
taining & Interpreting Test Scope Traces by John F. Rider. Both 
books are published by John F. Rider Publisher, Inc., New York.) 

Most of the tests described in this volume may be made with a 
relatively simple instrument. The few that require an oscilloscope 
with special features call attention to the fact before procedures are 
outlined. Also, because the technician in science or industry will 
often use an oscilloscope of advanced design, this volume briefly 
considers the extra features of the professional laboratory-type in- 
strument in Chapter 1. 

The tests that appear in this book have been chosen after careful 
screening of countless tests and searches. Although no book can be 
all things to all readers, we believe that we have chosen those tests 
that will be useful to the greatest number. 


Altadena, California RUFUS P. TURNER 
February 1964 
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READ ...READ...READ...READ...READ... 


For All Tests: 
OSCILLOSCOPE SETUP PROCEDURE 


Waste motion is reduced, the instrument and its operator are pro- 
tected, false starts are eliminated, and reliability is increased if the 
operator follows a logical sequence when setting up the oscilloscope 
for operation. This setup procedure is the same, regardless of the 
test which is to be performed or the type of oscilloscope used. To 
avoid repetition throughout the book, this procedure is detailed 
below. 

1. Set POWER switch to OFF. 

2. If oscilloscope has plug-in units, plug desired one(s) into 
channel(s). 

3. Turn INTENSITY, FOCUS, GAIN, and SYNC controls 
to zero (or to lowest settings provided ). 

4. Switch-off internal sweep (time base). 

5. Set SWEEP selector to OFF or EXTERNAL (some in- 
struments do not have the OFF position). 

6. Set HORIZONTAL and VERTICAL POSITION controls 
to mid-range. 

7. Plug oscilloscope into power line. 

8. Throw POWER switch to ON. 

9. Stand by for the full length of time recommended by the 
oscilloscope manufacturer as a warmup period. 

10. Carefully advance INTENSITY control until spot ap- 
pears on screen. To prevent burning of screen, use lowest in- 
tensity needed to see spot. If spot is not seen at any setting of 
INTENSITY control, it probably is deflected off screen—reset 
POSITION controls to bring it into view. 

11. Adjust FOCUS control to sharpen spot to fine point. 

12. Switch-on screen illumination and adjust to desired bright- 
ness. 


13. Adjust POSITION controls to bring spot to exact center 
of screen. 


Vill 


OSCILLOSCOPE SETUP PROCEDURE ix 


14. Set SWEEP selector to INTERNAL RECURRENT 
(linear time base). 

15. Switch-on internal sweep and set SWEEP FREQUENCY 
control to any frequency above 100 cps (or set TIMING con- 
trol to any time rate under 10 msec/cm). 

16. Advance HORIZONTAL GAIN control, noting that spot 
is deflected into a horizontal line. Verify that length of line is 
controllable by adjustment of HORIZONTAL GAIN control. 
17. Switch-off sweep and set HORIZONTAL GAIN control 
to zero. 

18. Advance VERTICAL GAIN control to mid-range. 

19. Touch VERTICAL INPUT terminal with finger, noting 
that stray signal pickup by body deflects spot to give a vertical 
line. Verify that length of line is controllable by adjusting 
VERTICAL GAIN control. 

20. Set VERTICAL GAIN control to zero. 


21. Connect any required probe to proper input terminals. 


The oscilloscope is now ready to be connected to the circuit or 
device under test. For safety, connect the oscilloscope before you 
switch-on the circuit power; and at the end of the test, switch-off 
the circuit power before you disconnect the oscilloscope. 

Remember, this 2l-step procedure is what is referred to by the 
direction “Set up oscilloscope” which appears in tests throughout 


this book. 


iy Bie rain hIEy F pe Pei “e ure bi re Bie 


R ‘<i rE ? oH “i eae tn) 4 be Le ¥ 4 * vi oe psielf ‘a 
rf , as r seats ee 163 bree, a ally ae yee oe ae 
an thes a bt te NAP PAL a AP x, r a Nis rr): 


ala ; Baa k) 4 7A OM a ee Oh Ts we ee ” 


i ; ad aM 
Y 
| 
iy Vie ; 
} i? | ¥ ; 20 fe ee ! f 73) : ‘ay “ a ; 24 bn by 1 Bead 
/ My ; y. 1, weno “46 


Digs Ws ie PREY RNG: She REALS AR Bee tO, Jn 
| zat a hath se | sunt oe 


Chapter 1 


Features of Professional 
Oscilloscopes 


The essential features of an oscilloscope, other than its cathode- 
ray tube and power supply, are the horizontal amplifier, vertical 
amplifier, and linear, recurrent sweep generator. The terminals pro- 
vide horizontal amplifier input, vertical amplifier input, direct hori- 
zontal input, direct vertical input, sync input, Z-axis input, and ex- 
ternal sweep input. The controls permit adjustment of intensity, 
focus, horizontal centering, vertical centering, horizontal gain, ver- 
tical gain, sweep frequency, and sync voltage amplitude. The 
switches permit selection of sweep type, sweep range, and sync type. 

Simple oscilloscopes have all of these features, which are some- 
times supplemented by a calibrating-voltage source with a control 
that adjusts the amplitude of this voltage. And, if the instrument is 
to be used for radio and television servicing, it will have a phase 
control and a pattern inverting switch. 

Many advanced tests and measurements may be made with the 
simplest oscilloscope if it is properly calibrated, its operation is thor- 
oughly understood, and its indications are correctly interpreted. 
Some other tests, however, either require that special functions be 
performed by the oscilloscope, or are enhanced if these functions, 
though not required, are available. An instrument possessing such 
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FIG. 1-1. Three professional, laboratory-type os- 
cilloscopes. These instruments contain 
many of the special features discussed 
in this chapter. Courtesy of Tektronix, 
Inc. 


additional features is usually available to the industrial and engi- 
neering technician. This chapter, without indulging in minute de- 
tail, describes some of the features of the advanced, laboratory-type 
oscilloscope. Not every instrument will have all of these features, 
but most instruments will have many of them. 


1.1 WIDE-RANGE VERTICAL RESPONSE 


In addition to d-c and low-frequency applications, much modern 
electronic work is concerned with high frequencies and pulses. In 
order to handle such signals without distorting them, the oscillo- 
scope channels must have wider response than is commonly found 
in a simple instrument. For example, the faithful reproduction of a 
sharp, one microsecond pulse requires that the vertical amplifier 
frequency response extend to at least 10 mc and that the vertical 
transient response be excellent. 


PROFESSIONAL OSCILLOSCOPE FEATURES 2-3 


Depending upon oscilloscope type and manufacture, the vertical 
response of professional instruments extends from dc to frequencies 
as high as 1000 megacycles. Vertical amplifier rise time may be as 
low as 0.1 nanosecond (nsec). 


1.2 HIGH VERTICAL SENSITIVITY 


Increased vertical gain enables the technician to examine low- 
amplitude signals without using an external amplifier. This elimi- 
nates corrections for capacitance, phase shift, loading, frequency re- 
sponse, and transient response of such an amplifier, and minimizes 
instrument space. 

Sensitivity (deflection factor), which depends upon oscilloscope 
type and manufacture, may be as acute as 2 mv/cm. 


1.3 CALIBRATED TIME BASE 


Most oscilloscope presentations are referenced to time as the X 
axis. When elapsed time or sweep rate must be known, it may be 
calculated from the sweep frequency. This, however, is a time- 
consuming chore, especially when many measurements must be 
made, and is susceptible to error. 

A calibrated time base (sweep frequency control reading direct 
in time units) gives sweep time directly, thereby obviating the labor 
of computation. Depending upon oscilloscope type and manufacture, 
calibrated ranges are available between a range minimum of 1 
nsec/cm to 1 psec/cm, and a range maximum of 1 psec/cm to 
5 sec/cm. 


1.4 SINGLE SWEEP 


One, nonrepetitive sweep along the horizontal axis permits ob- 
servation of certain “one-shot” phenomena (such as transients) and 
signals that are not exactly recurrent (their appearance changes dur- 
ing each scan of a recurrent sweep). Such a display is momentary, 
of course, and usually must be photographed for later study. 

This kind of display is made possible by the single-sweep mech- 
anism. A single sweep of the screen is initiated by the signal itself 
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or by an external trigger voltage keyed manually or automatically. 
The screen usually is dark before and after the single-sweep presen- 
tation. 


1.5 SWEEP DELAY 


In the study of some signals, it is desirable that the sweep start 
at some selected time instant after the signal has started. The reverse 
also is sometimes desired. This action is afforded by sweep delay 
circuitry. The delay time is continuously variable, a required value 
chosen by adjustment of a direct-reading control. 

Depending upon oscilloscope type and manufacture, calibrated 
sweep-delay time ranges are available between a range minimum 
of 0 to 2 usec, and a range maximum of 35 nsec to 50 seconds. 


1.6 PLUG-IN UNITS 


For maximum versatility, some oscilloscopes are built as founda- 
tion units into which various horizontal (time-base) and vertical 
(amplifier) units may be plugged for desired modes of operation. 
These plug-ins have individual controls, selector switches, and ter- 
minals. 

Some vertical plug-in units are: general-purpose single-channel 
amplifier, wideband single-channel amplifier; dual-trace amplifier; 
four-trace amplifier; differential amplifier; operational amplifier; 
strain gauge amplifier; and sampling amplifier. 

Some horizontal (time-base) plug-in units are: conventional time- 
base generator; single sweep; sweep delay; and calibrated sweep 
delay. 

A foundation oscilloscope is often acquired with only those plug-in 
units that are essential in the normal work of the laboratory. Other 
plug-ins are added when new work areas demand the extension of 
oscilloscope capabilities. 


1.7 DUAL-BEAM TWO-TRACE OPERATION 


Some oscilloscopes and plug-in units provide dual- or four-trace 
display by using a high-speed chopper to commutate the signals en- 
tering via the various inputs. Dual-trace operation by means of two 
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separate guns in a single CRT is available in a few other oscillo- 
scopes. 

When such an instrument has separate identical vertical amplifier 
channels and separate sweep systems for the two beams, it is, in 
effect, two independent oscilloscopes writing on a single screen. 
This permits great flexibility of adjustment and increases the range 
of application. 


1.8 IMPROVED ACCURACY AND STABILITY 


Design and manufacture refinements, such as the following, in- 
crease the dependability of the laboratory oscilloscope as a quanti- 
tative measuring instrument: 

Close tolerance in CRT fabrication and in deflection circuit de- 
sign results in better deflection linearity and in removal of astigma- 
tism. Flat-faced CRT’s eliminate the error caused by distortion 
because of curvature of the conventional face. An internal graticule 
in the tube prevents parallax error. Close voltage regulation in the 
power supply stabilizes circuit operation. Scientific ventilation and 
circuit stabilization techniques reduce drift. Stabilization of sweep 
circuits eliminates pattern jitter, while adequate isolation of a-c 
wiring and components corrects stray modulation of the pattern. 
Complete shielding protects the instrument from interfering fields. 


1.9 OSCILLOSCOPE ACCESSORIES 


Aside from probes, auxiliary devices for oscilloscopes include 
time-mark generators (for calibrating or subdividing the horizontal 
axis), pulse generators (for sweep triggering, activation of test cir- 
cuits, Z-axis blanking, synchronization, and checking of transient 
response), delay lines (for delaying the signal or triggered sweep 
by a predetermined and selectable amount), and cameras (for re- 
cording from the CRT screen). 


Chapter 2 


Recording from the Oscilloscope 


The direct-writing oscillograph (pen-type recorder ) antedated the 
oscilloscope by a number of years. It was natural, therefore, that 
some early antipathy resulted from the inability of the oscilloscope 
to supply a permanent record, although nobody questioned the 
superiority of that instrument as a high-frequency indicator. 

Laboratorians quickly devised means of copying oscilloscope dis- 
plays, and special equipment appeared. (One of the marketed 
devices in the 1930’s was a type of reflectograph which aided the 
hand-copying of an oscillogram with pencil.) From the very begin- 
ning, however, photography was favored. It was not a new art, for 
the camera had already been used to record from nonwriting (light- 
beam) oscillographs. 

In modern science and industry, thousands of copies are made of 
oscilloscope displays every year. These copies are not only useful 
as permanent records, but also as patterns on which some measure- 
ments may be made more conveniently than on the oscilloscope 
screen. Since records are needed in a great many tests and measure- 
ments, the techniques for making them are discussed in this chapter. 


2.1 SELF-PROCESSING OSCILLOSCOPE CAMERA 


The modern oscilloscope recorder consists of a Polaroid Land! 
camera equipped with a special lens and a mounting frame that 
fastens to the front of the oscilloscope and provides a hood system 


1 Registered trademark of Polaroid Corporation, Cambridge, Mass. 
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for viewing the screen. Because the Polaroid camera gives a finished 
picture in a few seconds without darkroom processing, records are 
quickly available at each step in a test. 


FIG. 2-1. The recording camera assembly for 
a modern oscilloscope. The Polaroid 
camera is at the lower left; the viewing 
hood extends upward and back above 
the camera. The forward chamber, 
which contains a mirror, is fastened to 
the front of the oscilloscope. Compare 
this figure with Fig. 2-2 and Fig. 2-3. 
Courtesy of Tektronix, Inc. 


Figure 2-1 shows a camera assembly of this type.? The unit fastens 
snugly to the front of the oscilloscope (see Fig. 2-2). The familiar 


2 Type C-12, Tektronix, Inc., Beaverton, Oregon. 
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Polaroid camera back is at the lower left, and the viewing hood 
extends diagonally upward above it. The mounting adaptor is hinged 
so that the entire camera assembly may be swung horizontally away 
from the oscilloscope when direct access is desired. 


OSCILLOSCOPE 


FIG. 2-2. The oscilloscope camera in operating 
position. 


Characteristics. Oscilloscope cameras are available with a number 
of different features. The model shown in Fig. 2-1, for example, 
normally is prefocused, but has an adjustment for sharp focus. The 
camera back may be moved horizontally or vertically, in relation 
to the lens, through five detented positions for recording up to 
five separate displays on one frame. The back may also be rotated 
through 90° increments. While the standard Polaroid roll-film back 
is shown, and is used most often (giving 34” x 4” prints), the 
assembly will also accept backs for 4” « 5” Polaroid sheet film, con- 
ventional cut film from 24” « 3%” to 4” « 5”, or a film-pack. Oscillo- 
scope camera manufacturers provide a good selection of lens and 
shutter characteristics. The standard lens for the Tektronix Type 
C-12 camera is Wollensack Oscillo-Raptar 75 mm f/1.9 with 1:0.9 
object/image ratio; the standard shutter is Alphax No. 3 with seven 
speeds from 1 sec to 1/100 sec, plus time and bulb. Several other 
lens-and-shutter combinations are available. 

Optical Arrangement. Figure 2-3 shows the arrangement of the 
Type C-12 camera assembly. (The following explanation of its opera- 
tion is simplified.) Rays of light from the trace and the illuminated 
graticule lines in the oscilloscope enter the system. In the path of 
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camera. Courtesy of Tektronix, Inc. 


these rays is the beam-splitting mirror. This is a transparent mirror 
mounted at a 45° angle. It transmits some of the rays through to 
the camera (represented here by lens and film plane) and reflects 
other rays up to the viewing mirror. The operator looks into the 
viewing mirror and sees the oscilloscope display as a virtual image. 
With this optical system the display can be viewed with the camera 
in place, even while the picture is being taken. 

Film. Polaroid film types 42, 44, 47, 147, and 410 give paper 
prints; types 46, 46-L, and 146-L give positive transparencies. In- 
camera developing time is only 10 seconds for types 47 and 410. 
Choose film type to suit display conditions: nature of signal ( whether 
stationary on screen, slow-moving, repetitive, or fast transient), 
brightness of trace, and desired speed of finishing. 

The term writing rate in oscilloscope photography designates the 
highest spot speed which will produce an acceptable picture. It is 
expressed in centimeters per microsecond. High writing rate is 
needed to record fast transients, whereas a low writing rate will satis- 
factorily reproduce recurrent phenomena or slow sweeps. (The CRT 
phosphor influences the writing rate. Arranged in decreasing order 
starting with the highest writing rate, CRT phosphors commonly 
found in oscilloscope tubes are P11, P2, Pl, and P7.) Film must be 
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selected with respect to writing rate: Polaroid Type 147 (ASA rating 
of 10,000) has been designed for oscilloscope photography and has 
the highest writing rate; it is followed by Type 47 (3000 speed), 
very high; Type 44 (400 speed), high; and Type 42 (200 speed), 
low to medium. 


Typical Operation. The selection of film type, exposure time, and 
type of display depends ultimately upon the type of phenomenon 
to be recorded and CRT characteristics. With a given lens aperture, 
the shutter speed, for example, will be fast for a bright stationary 
or repetitive display and slow for a dim display. When recording 
fast transients and other high-speed, single-shot phenomena, the 
shutter should be held open (bulb position) while a single sweep 
is triggered manually, and then closed. It is hard to generalize on 
these matters, since various combinations of factors, as in other kinds 
of photography, will give an identical picture, and because certain 
techniques may be recommended by the manufacturer of the oscillo- 
scope and/or camera. Study the camera instruction manual carefully, 
and sacrifice a few frames of film for personal training purposes. 

A dimmer, thin trace will give the best recording, but requires 
longer exposure. A very bright trace tends to produce halo or after- 
glow. The oscilloscope screen illumination must brighten the grati- 
cule lines sufficiently for sharp, clear reproduction but must not 
produce glare. If the display is viewed during exposure, the operator 
must keep his face against the hood to prevent entry of light. 

The ability to make multiple exposures on a single frame is advan- 
tageous in many tests and measurements where either separate sig- 
nals or the same signal at different stages must be shown close to 
each other for comparison. For this purpose, the camera may be 
slid and locked into as many as five successive vertical positions 
for as many separate exposures on the same frame. 

General steps in making oscillogram records with a self-processing 
oscilloscope camera are as follows: 


1. Load camera with film having proper writing rate for type 
of test. 


2. Set up oscilloscope and make dry run of test to insure cor- 
rect operation of equipment. 


3. Attach camera to oscilloscope. 


4. Test-operate oscilloscope while observing screen through 
viewing hood of camera assembly. 
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9. Determine exposure to be used. 

6. Photograph display, following any special directions given 
by manufacturer of camera or oscilloscope. 

7. Develop photograph in camera. (If several images are to 
ae on one picture, make all exposures before developing 
any. 


2.2 CONVENTIONAL CAMERA 


The use of conventional film for recording from the oscilloscope 
has the disadvantage that darkroom processing is required. But it is 
used when (1) a self-processing camera is not available; (2) econ- 
omy is a factor; (3) a continuous film strip is desired; or (4) process- 
ing delay is of no concern. The time between taking and viewing a 
picture may be reduced by accepting the developed negative in place 
of the paper print. 

Types. Some oscilloscope camera assemblies will accept special 
conventional-camera backs. The Type C-12 frame described in Sec- 
tion 2.1, for example, will take such Graflok backs as 2%” « 3%” cut 
film or film pack type, 4” « 5” cut film type, or 120 or 620 roll film 
type. 

In the absence of a special oscilloscope camera or adaptor, any 
good camera may be used if it is properly focused on the oscilloscope 
screen, loaded with satisfactory film, and correctly adjusted for lens 
opening and shutter speed. 

Film. Conventional film, like Polaroid film, must be selected with 
due regard to writing rate. A fast film, such as one of the panchro- 
matic types, is needed for rapid transients and other single-shot 
phenomena, whereas a slow film, such as one of the orthochromatic 
types, will serve for slow, stationary, or recurrent phenomena. With 
a given film, long exposure is required for a satisfactory picture of a 
dim, slow-speed trace; short exposure for a bright or fast trace. Aper- 
ture size and shutter speed depend upon trace brightness and type 
of film. 

Typical Operation. There are two requisites for successful use of 
a conventional camera: (1) film-plane focusing (this demands a 
ground glass -back) and (2) a hood of some kind to exclude ambient 
light. The latter is necessary because a camera with the usual lens 
must be moved farther back from the screen than an oscilloscope 
camera need be. 
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Cardboard Tube 
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Legs 


FIG. 2-4. A conventional camera setup. 


A simple hood consists of a cone-shaped cardboard tube run 
between the camera and oscilloscope screen and fitted snugly at 
each end to prevent light leaks (see Fig. 2-4). The inside of the 
tube must be painted dull black to kill reflections. For protection 
against movement, the camera must be rigidly supported either with 
a tripod, as shown in Fig. 2-4, or by resting it on the table with the 
oscilloscope. The required length of the tube depends upon the focal 
length of the lens. To determine proper length experimentally, set 
up the camera in a dimly lighted room and focus it sharply on the 
oscilloscope trace. Then, measure the distance from screen to lens 
and cut the cone to that length. (A camera such as the small 35 mm 
models, which have no ground glass, may be opened and a piece 
of waxed paper stretched and taped temporarily across its open back 
to substitute for ground glass during focusing.) In a completely 
darkened room, a hood will not be needed. 

The following are general steps in recording oscillograms with a 
conventional camera prefocused as explained above: 
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1. Load camera with film having proper speed for type of test. 
2. Set up oscilloscope and make dry run of test to insure cor- 
rect operation of equipment. 

3. Set up camera with light hood (Fig. 2-4 or similar). 

4. Determine exposure time and lens opening to be used, and 
set lens and shutter accordingly. 

5. Photograph display, using exposure determined in Step 4. 
6. Develop film. 


2.3 INTENSIFICATION OF GRATICULE IMAGE 


For good recording of the lines, the graticule lighting should be 
turned up high enough to make the lines shine but not so high as 
to produce glare. Sometimes, especially when exposure is short, this 
will not give sharp reproduction. 

Improvement is afforded by double exposure. Expose the film first 
with the graticule illuminated but no trace on the screen, then 
expose it a second time for the trace. The graticule exposure time 
cannot be prescribed exactly; it should be found experimentally with 
each type of film used and recorded for future reference. 


2.4 MOVING-FILM CAMERA 


In a motion-picture camera, the film is advanced one frame at a 
time, each frame pausing behind the lens during exposure. In the 
moving-film camera used for special oscilloscope photography, the 
film is drawn by the lens continuously by an adjustable-speed motor. 
There is no blinking shutter. This action permits recording of a 
phenomenon which starts at some unpredictable instant (e.g., an 
occasional surge or a random pulse). 

The film movement provides the horizontal sweep and, therefore, 
the time base. For this reason, the oscilloscope sweep must be 
switched off and only vertical spot deflection used. The developed 
film will still show the complete oscillogram referred to both axes, 
for the sweep is supplied mechanically by the camera. When a cam- 
era is used in which the film travels vertically with respect to the 
oscilloscope, the signal must be applied to the horizontal input of 
the oscilloscope, with the vertical input switched off. If the horizon- 
tal channel passband is too narrow for a projected test, the signal 
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must be applied to the vertical channel (as in the first example) 
and either the camera or the oscilloscope laid on its side. 


Film speed is continuously variable over a wide calibrated range. 
In one instrument of this type (General Atronics Corp. Model SM- 
100 Scope Recording Camera), the range extends from one-half inch 
per minute to 12,000 in./min. The 35 mm film or paper may also be 
advanced one frame at a time for single-frame recording. (This 
camera fits on the front of the oscilloscope and has a binocular 
viewer for observing the screen. ) 


The moving-film oscilloscope camera has been used for studying 
such phenomena as electrical breakdown, cosmic rays and radiation, 
fatigue of metals, lightning strokes, psychological and neurological 
responses, gas enginé noise, and electrical time constants. 


The moving-film camera, like the conventional still camera, uses 
film or sensitized paper that requires processing either in a dark- 
room or developing tank. This introduces a delay between the time 
the test is made and when the results are seen, a factor that may 
become inconvenient when each test in a long series is dependent 
on the results of the preceding one. 


2.5 STORAGE OSCILLOSCOPE 


The storage oscilloscope holds a display on the screen for an indefi- 
nite time until the operator removes it by depressing an erase button 
on the front panel. This ability to store a pattern allows short-term 
recording of data, as the retention time is ample enough to allow 
pattern dimensions to be measured on the screen. Several recorded 
patterns may be superimposed or spaced for comparison. The storage 
oscilloscope is especially useful in studies of nonrecurrent phenom- 
ena. When the storage function is switched off, the instrument can 
be used as a conventional oscilloscope. 


The heart of this type of oscilloscope is the storage CRT. One such 
tube is the memotron (Hughes Aircraft Co., Vacuum Tube Products 
Division). Figure 2-5 is a simplified diagram of this tube (focus, 
intensity, and accelerator electrodes have been omitted for clarity). 
This is a 5-inch tube which may be described as having infinite and 
adjustable persistence. There are two electron guns: the writing 
gun is in its customary position in the rear of the tube; the flood gun 
is mounted adjacent to one pair of deflecting plates. 
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FIG. 2-5. The memotron storage tube. 


Behind the face of the tube are four fine metal meshes. One of 
these, the storage mesh, is the target on which the trace is electro- 
statically stored. One face of this mesh is coated with a dielectric. 
The viewing mesh is next to the tube face, the collector mesh is 
behind the storage mesh, and the ion-repeller mesh is the rearmost. 
The high-velocity electron beam from the writing gun writes an 
electrically positive trace on the dielectric of the storage mesh; it 
does this by knocking electrons out of the dielectric atoms where it 
strikes, these secondary electrons being collected by the collector 
mesh. This action leaves the positive trace stored on the storage 
mesh after the signal has ceased. And this trace is transparent to 
low-velocity electrons arriving from the flood gun. 

The flood gun sprays the storage target with low-velocity electrons 
which pass through the electrically transparent stored space on this 
target but not through the other areas (since the latter are at flood- 
gun cathode potential). Those electrons that penetrate strike the 
viewing screen and reproduce the trace on it. Storage results from 
retention by the storage mesh of the electrically transparent trace 
(an electrostatic charge pattern). As long as the trace remains on 
the target, flood-gun electrons pass through it and produce the image 
on the screen. The charged target in the path of these electrons 
thus resembles a stencil in the path of light rays. 

The image may be erased by momentarily decreasing the d-c volt- 
age of the collector mesh. This discharges the storage mesh. 

Depending upon type and make, storage oscilloscopes have writ- 
ing rates from 25 cm/msec to 2540 cm/msec; storage times from 1 
hour to time indefinite; and erase times from 150 msec to 250 msec. 
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Stored traces may be photographed for permanent record, when 
desired. 


2.6 HAND RECORDING 


In the absence of recording equipment, a hand tracing may be 
made from an oscilloscope screen. This requires more care than 
skill and is limited to stationary patterns or those of long duration. 

Transparent Overlay. A disc of transparent plastic is best for 
hand recording, as it gives a clear view of the trace. It must be thick 
enough to prevent parallax but not so thin that it puckers or wrinkles 
—0.01 inch seems satisfactory. A graticule may be inscribed on one 
face and the tracing done on the opposite one. 

To make a record: 


1. Place the disc over the face of the oscilloscope. 

2. Carefully align the graticule of the disc with that of the 
oscilloscope. 

3. Either attach the disc to the face with two or three small 
dots of two-sided adhesive tape or hold it firmly in place. 

4. Use a well-sharpened grease pencil to trace the pattern. 
This pencil gives a solid, readable line which later is easily 
removed by rubbing with tissue. It also does not scratch the 
plastic. 


Translucent Overlay. A thin paper disc may be used in lieu of 
the transparent plastic but it requires a brighter trace. The disc 
may be cut from draftsman’s tracing paper, and a graticule ruled 
on one side, If drawing is inconvenient, discs may be cut from thin 
graph paper, such as K. & E. No. 359T-5G (10 x 10 div./inch). 

The recording procedure is the same as that for the transparent 
disc, except that a medium pencil (grade HB lead) should be used. 
However, when using the paper disc, care must be taken that the 
trace brightness is not high enough to burn the screen. 

Discharging Electrified Disc. A plastic or paper disc may become 
charged with static electricity when it is lifted from its storage place, 
especially if it is drawn across a dry, polished surface. When it is 
placed against the CRT face, its charge may distort the trace. To 
prevent this, discharge the disc before attaching it to the oscillo- 
scope by touching it momentarily to a cold water pipe or by breath- 
ing on it. 


Chapter 3 


Checking Physical Quantities 


The oscilloscope plays an important role in the study of diverse 
physical quantities. Here, the oscilloscope is valuable because it can 
show not only the magnitude of a quantity but also how that quan- 
tity varies with respect to another variable such as time. Its versa- 
tility is due to its accommodation of any quantity, non-electrical as 
well as electrical, that can be converted into a proportional voltage. 
Thus, an instrument designed originally for the study and measure- 
ment of electrical quantities is found in such comparatively remote 
fields as acoustics, astronautics, aviation, crime detection, hydrau- 
lics, mathematics, medicine, meteorology, music, navigation, ord- 
nance, and psychology. The list could be expanded almost endlessly. 

Practical applications are described in this chapter. For detailed 
treatment of the many other applications in each category, the reader 
is referred to the practical literature of his field of interest: indus- 
trial electronics, computers, acoustics and sound, etc. 


3.1 CURRENT BY PROBE METHOD 


Measurement of current by the shunt-resistor method is described 
in Chapter 5 of Volume 1. That method requires that the circuit be 
broken for insertion of the resistor and restored after the measure- 
ment is completed. While the inserted resistance is kept as low as 
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possible, its presence nevertheless alters circuit performance to some 
degree. To avoid this source of possible error, the test may be made 
with a more expensive current probe which requires no physical con- 
nection to the circuit under test and does not appreciably load the 
circuit. 

Figure 3-1 is a simplified diagram of the current probe. This device 
resembles the familiar clamp-type ammeter used in power-frequency 
electrical measurements and operates in a somewhat similar manner, 
but the clamp transformer element is much smaller. For simplicity, 
the probe handle is not shown here, only the pickup element, which 
is mounted on its end. 
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FIG. 3-1. Use of the current probe. 


The pickup element consists of a tiny square-O-shaped ferrite 
core around which a coil of wire is wound. The core is swiveled so 
that it may be temporarily opened up, as shown by the dotted lines, 
when the probe handle is squeezed. This allows the core to be closed 
around a circuit wire carrying the current of interest. This forms a 
transformer with the wire acting as a one-turn primary against the 
probe coil which forms a many-turn secondary. The current, I, 
induces a voltage, E, across the secondary proportional to the step-up 
turns ratio, and this voltage is applied to the vertical amplifier input 
of a voltage-calibrated oscilloscope. 
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The current is read in terms of the deflection voltage, indicated by 
the oscilloscope, and the current factor of the probe (given by the 
probe manufacturer and usually expressed in mv/ma). 

The Hewlett-Packard AC-21F Current Probe has an output of 
1 mv per milliampere. The same company’s 456A probe provides 
ranges of 1 ma to 1 amp. Because the core of the current probe is 
ferrite rather than iron, wide frequency response is obtained (the 
passband of the 456A probe, for example, is 60 cps to 4 mc). 


Test Procedure 


1. Set up voltage-calibrated oscilloscope. 

2. Connect current probe to VERTICAL INPUT terminals. 
3. Set VERTICAL GAIN control for standard deflection volt- 
age if this is given by the probe manufacturer. 

4. Switch-on test circuit. 

5. Clamp probe pickup around current-carrying circuit wire. 
6. Read voltage, E, from oscilloscope screen. 

7. Calculate current from voltage, E, and probe current factor. 


Note: If vertical gain is set for reference deflection, current may 
be read direct from screen. Thus, for a 1 mv/ma probe, gain may be 
set for a deflection of 1 mv per screen division. The screen then will 
indicate 1 ma/division, and no calculation is needed. 


3.2 TIME 


The time interval of a phenomenon often must be determined. 
This applies not only to electrical quantities, but also to non-electri- 
cal physical phenomena which can be converted into voltage. High- 
speed phenomena cannot be timed with a stop watch and only 
infrequently can they be timed with an electromechanical recorder. 

For this purpose, the horizontal axis of the oscilloscope may be 
time-calibrated. The internal sweep of some oscilloscopes is cali- 
brated to read direct in time rate, e. g., microseconds per centimeter 
(see Section 1.3), and the time interval may be determined from 
distance measurements made along the horizontal axis. 

With a single-trace oscilloscope, time may be determined (1) in 
terms of time-calibrated sweep; (2) in terms of sweep frequency; 
or (3) from a timing pattern substituted for the signal pattern by 
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fitting it into the same horizontal interval. With a dual-trace oscil- 
loscope, a timing wave may be displayed along with the pattern 
under study, as a sort of “time yardstick.” Each of these methods 
is discussed below. 


Use of time-calibrated sweep: 


1. Display one, stationary cycle of the phenomenon on screen, 
using oscilloscope internal sweep and internal sync.* 


2. Read time factor from direct-reading SWEEP RANGE 
controls. 


3. Measure distances along horizontal axis between zero (start 
of signal) and points of interest on display. 


4. Convert these distances to time units by multiplying each 
by the sweep time factor. 


(A) (B) (C) 
SIGNAL WITH SIGNAL AND SIGNAL AND 
TIME-CALIBRATED SUBSTITUTED SUBSTITUTED 
SWEEP SINUSOIDAL PULSE-TYPE 
TIMING WAVE TIMING WAVE 


FIG. 3-2. Timing with a single-trace oscilloscope. 


Example: Figure 3-2A shows one “cycle” of a transient which 
builds up suddenly and then slowly decays to zero. It is desired 
to know time t;, at which the transient reaches its peak, time te, at 
which it has decayed to 50 percent of peak amplitude, and time ts, 
at which it reaches zero. Assume that the oscilloscope sweep reading 


1 The word cycle is used here generically. Actually, the phenomenon might 
not be a cycle in the sense of a complete a-c alternation, but a unilateral pul- 
sation, response curve, or similar display. 
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for the stationary pattern is 100 psec/cm and that each screen divi- 
sion in Fig. 3-2A is 1 centimeter. Then ty = 0.5 cm = 50 usec, 
fge=y2.0 0m — 250) usec, and tz: 15.cm =,1500 psec: 1.5 msec. 


Use of frequency-calibrated sweep: 


When the oscilloscope sweep is direct-reading in frequency (f) 
rather than in time units, time intervals may be determined in terms 


of f: 


1. As in the preceding illustration, display one stationary 
cycle of the phenomenon on screen, as in Fig. 3-2A, using 
internal sweep and internal sync. 

2. Read frequency (f) from direct-reading sweep range con- 
trols. 

3. Calculate the period of this phenomenon: T = 1000/f, 
where T is in milliseconds and f is in cps. 

4, Measure horizontal distance D (in screen divisions) be- 
tween start and end of pattern, and calculate time factor: X (in 
milliseconds per screen division) — T/D. 

5. Measure horizontal distance (in screen divisions) between 
zero (start of signal) and each point of interest on pattern. 

6. Convert these distances into time by multiplying each by 
time factor X obtained in Step 4. 


Example: For the transient pulse in Fig. 3-2A, it is desired to 
know time t;, at which the pulse reaches its peak amplitude, time te, 
at which it has decayed to 50 percent of peak amplitude, and time ts, 
at which it reaches zero. Assume that the oscilloscope sweep fre- 
quency for the stationary pattern is 1000 cps. Then T = 1 msec and 
X = 0.0666 msec/div = 66.6 psec/div. The time intervals may then 
be calculated: t; = 0.5 div = 33.3 msec, te = 2.5 div = 166.6 usec, 
and tz; = 1000 psec = 1 msec (15 div). 

If the oscilloscope sweep controls are not direct reading in fre- 
quency, the frequency may be determined in the following manner 
after the sweep and sync controls have been set for one stationary 
cycle of the phenomenon: 


1. Without disturbing setting of sweep and sync controls or of 
HORIZONTAL GAIN control, connect a calibrated variable- 
frequency oscillator or signal generator to VERTICAL INPUT 
terminals in place of device or circuit under test. 
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2. Vary oscillator frequency and output amplitude until one 
stationary cycle appears on screen. 

3. Read frequency from oscillator dial. This is the sweep 
frequency (f). 


Substitution of Timing Wave. Time intervals along the horizontal 
axis may be measured with a timing wave. This is a signal of known 
frequency or timing factor. Either a sine wave or special pulse- 
type timing wave may be used. The procedure is to substitute the 
timing wave for the display, measure the horizontal distance between 
points of interest by counting the timing-wave cycles or pulses 
between these points, and calculate time interval in terms of pulse 
rate or sine-wave period. 


Example—Sine Wave. It is desired to know the duration of the 
pulse shown in the solid line in Fig. 3-2B. This pulse is seen to start 
at the 3rd screen division and end at the 17th. Follow this procedure: 


1. Adjust oscilloscope sweep and internal sync for a single, 
stationary cycle of the phenomenon. 

2. Note horizontal screen divisions coinciding with beginning 
and end of pattern (in this case, the 3rd and 17th). 

3. Without disturbing setting of sweep, sync, or gain controls, 
connect variable-frequency signal generator to VERTICAL 
INPUT terminals in place of device or circuit under test. 

4. Adjust frequency and output amplitude of generator to give 
as many stationary cycles as can be accurately counted on 
screen. (See dotted-line pattern in Fig. 3-2B.) 

3. Read generator frequency f in cps. 


6. Calculate period: T (in milliseconds) = 1000/f. This is 
the time interval indicated by the distance between adjacent 
sine-wave peaks. 

7. Adjust HORIZONTAL POSITION control to align a posi- 
tive peak of timing wave with point at which test signal started 
(3rd screen division here). 

8. Count number (n) of positive peaks from starting point of 
signal to point at which signal ended (17th screen division 
here). 


9. Calculate pulse duration: t = T(n — 1). 


For illustration, assume that the generator is tuned to 1000 cps. 
The distance between adjacent peaks of the sinusoidal timing wave 
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then represents T = 1 msec. Exactly eight positive peaks are counted 
from the start of the signal pulse to the point at which it ends. The 
pulse duration then (from Step 9) is t = 1(8 —1) = 7 msec. 


Example—Timing Wave. A pulse-type timing wave gives a series 
of sharp spikes which may be aligned with screen lines and counted 
more accurately than the sine-wave cycles of the preceding example. 
This wave is obtained from a pulse generator or time-mark generator 
and is often called a comb from its shape. Figure 3-2C shows the 
appearance of a pulse-type timing wave (dotted line) used to meas- 
ure the period of a tilted square wave (solid line) for which it is 
substituted. 

The procedure is the same as with the sine-wave timing signal, 
except that the spike tips are counted for n. The time-mark genera- 
tor reads direct in spike interval, e. g., the Hewlett-Packard 1783A 
Time-Mark Generator delivers spikes at 0.1, 1, and 10-ysec intervals. 
If this generator were used for the presentation given in Fig. 3-2C, 
and set for 10-ysec spacing, the period of the square wave would be 
indicated as 140 psec. 


(A) (B) 
SINE-WAVE TIMING MARKER-PULSE TIMING 


FIG. 3-3. Timing with a dual-trace oscilloscope 
(superimposed patterns). 


Direct Comparison. With a dual-trace oscilloscope, either a sine- 
wave or pulse-type timing signal may be displayed simultaneously 
with the phenomenon under study and the two can be easily com- 
pared. The test signal is applied to one pair of VERTICAL INPUT 
terminals and the timing signal to the other pair. The PATTERN 
POSITION controls may be adjusted to superimpose the timing 
signal on the test signal (Fig. 3-3A and B) or separate them by any 
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desired distance (Fig. 3-4A and B). This method has the advantage 
that the test signal and the timing signal are both on the screen at 
all times, so that the timing signal may be used directly as a “time 
yardstick” laid alongside of or on top of the test signal. 
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(A) (B) 
SINE-WAVE TIMING MARKER-PULSE TIMING 


FIG. 3-4. Timing with a dual-trace oscilloscope 
(separated patterns). 


3.3 PULSE DELAY 


Figure 3-5A shows one setup for checking the time interval 
between an input pulse and output pulse introduced by a delay 
device. The latter may be a delay line, monostable multivibrator, 
digital circuit, or similar device. An oscilloscope having three verti- 
cal inputs is required. 


Test Procedure 


1. Set up oscilloscope. 
2. Switch-on internal sweep. 
3. Set SYNC SELECTOR switch to INTERNAL. 


4. Set up equipment as shown in Fig. 3-5A. Switch-on pulse 
generator, time-mark generator, and delay device (if it is 
powered ). 


3. Set pulse generator for desired pulse duration and repeti- 
tion rate. 


6. Set SWEEP FREQUENCY and SYNC controls for a single, 
stationary input pulse and output pulse, as shown in Fig. 3-5B. 
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FIG. 3-5. Pulse delay measurement. 


7. Set HORIZONTAL and VERTICAL GAIN controls and 
pulse generator output for desired pulse pattern width and 
height. 


8. Determine delay interval by counting timing spikes between 
input pulse and output pulse and referring to time-mark gen- 
erator calibration (see Section 3-2). 


9. Determine pulse duration by counting timing spikes under 
pulse and referring to time-mark generator calibration. 


3.4 PULSE CHARACTERISTICS 


Amplitude, shape, and time characteristics of a pulse may be 
determined by means of voltage and time measurements on the 
oscilloscope screen. Because of their steep sides and short duration, 
pulses will be reproduced faithfully only by a high-speed oscillo- 
scope, i.e., one in which wide frequency response and excellent 
transient characteristics are provided. Pulses come in many sizes 
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and shapes but all have certain features in common, such as dura- 
tion, rise time, fall time, and peak amplitude. Some may show over- 
shoot, ringing, or tilt. 

Figure 3-6A shows one type of distorted pulse with its various 
characteristics identified. Amplitudes, such as preshoot voltage Fy, 
overshoot voltage E3, and pulse peak voltage E,, are measured from 


ZERO (OR BASE) LINE 


ZERO(OR BASE) LINE 


(B) SQUARE WAVE 


FIG. 3-6. The principal characteristics of steep 
signals. 
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the zero (or base) line on the voltage-calibrated screen; overshoot 
voltage E, is measured from the flat top of the pulse to the top of 
the pip. Time intervals are measured along the time-calibrated hori- 
zontal axis: t; is the duration of the preshoot; t. is the pulse rise 
time; ts is the duration of the leading overshoot; t, is the pulse fall 
time; t; is the duration of the trailing overshoot; and tg is the pulse 
duration. The pulse repetition rate (pulses per second) is equal to 
the sweep frequency that will display one pulse on the screen. 


3.5 SQUARE WAVE CHARACTERISTICS 


Like pulses (Section 3.4), square waves have amplitude, time, and 
shape characteristics that can be checked only with a high-speed 
oscilloscope. 

Figure 3-6B shows one type of distorted square wave with various 
important characteristics identified. Amplitudes such as positive 
peak voltage E, and negative peak voltage Eg are measured from 
the zero (or base) line on the voltage-calibrated screen; positive 
overshoot voltage Es is measured from the top of the pip to the start 
of the slope; positive tilt Ez is measured from the top to the bottom 
of the slope; negative overshoot voltage E, is measured from the 
start of the slope of the negative half-cycle to the top of the pip; 
and negative tilt E; is measured from the top to the bottom of the 
slope of the negative half-cycle. Time intervals are measured along 
the time-calibrated horizontal axis: t, is the positive half-cycle rise 
time; t. is the duration of the positive overshoot; tz is the positive 
half-cycle fall time; t, is the negative half-cycle rise time; and t; is 
the negative half-cycle fall time. 


3.6 TRANSIENTS 


Electrical transients result from such causes as induction, switch- 
ing (mechanical and electronic), accidental breakdown (as in insu- 
lation), controlled breakdown (as in a gas or semiconductor), and 
operation of certain RC circuits. Because transients, like pulses, are 
rapid phenomena often characterized by steep rise and fall, their 
accurate display requires a high-speed oscilloscope. When a transi- 
ent is nonrecurrent, the oscilloscope must have single sweep (trig- 
gered by the transient ), and either photography or storage must be 
employed to record the pattern for study and measurement. 
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Non-electrical transients include those surges arising in systems 
operated by, or responding to, pressure, vibration, impact, sound, 
and light. By means of suitable transducers, these transients may be 
converted to voltages for presentation to the oscilloscope. 

The way in which an oscilloscope is used to display an electrical 
transient depends upon whether the latter is primarily a current or 
a voltage. For a voltage, the vertical input must be connected to the 
transient-voltage source; usually this means connecting across a 
component or branch of a circuit. For a current, a noninductive 
resistor (across which the transient current develops a proportional 
voltage drop) must be inserted in the circuit and the vertical input 
connected across this resistor. This shunt resistance must be very 
low (0.1 to 10 ohms), with respect to the circuit resistance, to mini- 
mize its effect upon performance. In some instances, a current probe 
may be used in place of the resistor to avoid circuit interruption. 

Whenever the transient amplitude is high enough, direct input to 
the vertical deflecting plates should be used. This avoids possible 
deformation by the vertical amplifier channel. In most tests, a low- 
capacitance probe will be desirable to minimize the effect of the 
oscilloscope input circuit on the transient circuit. 
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FIG. 3-7. The turn-off switching transient. 


There are many kinds of transients. In Fig. 3-6, for instance, the 
preshoot and overshoots are transients. Figure 3-7 shows the type of 
transient which often appears when inductive circuits are switched 
off. (Such a circuit contains a transformer winding, relay, or choke 
coil.) The circuit has been switched on and a steady d-c voltage 
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(+E) appears across the inductive component. When the circuit is 
switched off, this voltage does not immediately fall to zero but, 
because of counter emf, it falls momentarily to a high negative value 
(—E) and then rises back to zero. A transient spike of this kind 
can, under some conditions, be high enough in voltage to damage 
equipment. 

From Fig. 3-7, it is obvious that both voltage and time of the 
transient may be measured from the pattern on the screen. 


3.7 ELECTRICAL NOISE 


Electrical noise is generated in the majority of circuits where it 
arises as an unwanted by-product. The sound it produces in head- 
phones or loudspeaker is mostly sustained and, depending upon its 
nature and origin, varies from harsh grating (sometimes with inter- 
mixed popping) to hissing or rushing. 


(A) (B) 
RANDOM SUSTAINED IMPACT 


eee 


FIG. 3-8. Electrical noise patterns. 


A noise voltage is a mixture of an enormous number of frequen- 
cies and waveforms having some statistical relation to each other. 
The picture it produces on the oscilloscope screen, therefore, is 
diffuse, showing occasional sharp transients. Figure 3-8A shows the 
typical pattern produced by sustained random noise. Figure 3-8B 
shows the damped transient pattern produced by impact noise, such 
as might result from a single electrical burst. Peak amplitude gen- 
erally is of chief interest in noise-voltage tests, and (to obtain a 
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ratio of merit) this is compared with signal voltage in the same 
circuit. But sometimes the component frequencies must be examined. 

The way in which an oscilloscope is used to display electrical 
noise depends upon whether a voltage or current must be sampled. 
For a voltage, the vertical input must be connected to the noise-volt- 
age source; usually this means connecting across a component or 
branch of a circuit. For a current, a noninductive, low-noise resistor 
(across which the noise current develops a proportional voltage) 
must be inserted in the circuit and the vertical input connected 
across this resistor. This shunt resistance must be very low (0.1 to 
10 ohms), with respect to the circuit resistance, to minimize its 
effect upon circuit performance. In some instances, such as transient 
testing, a current probe may be used in place of the resistor to avoid 
circuit interruption. 


Test Procedure 


1. Set up voltage-calibrated and time-calibrated oscilloscope. 
2. Switch-on internal sweep. 
3. Set SYNC SELECTOR switch to INTERNAL. 


4. Connect VERTICAL INPUT terminals to voltage or cur- 
rent point in test circuit, as explained above. 

3. Set SWEEP FREQUENCY control for noise display sim- 
ilar to Fig. 3-8A. 


6. Set HORIZONTAL and VERTICAL GAIN controls for 
desired width and height of pattern. 


Vertical Input 


To Noise 
Source 


TUNED A-F AMPLIFIER 


FIG. 3-9. The setup for noise frequency com- 
ponents. 
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7. Read peak-to-peak amplitude of noise from voltage-cali- 
brated screen. 


8. Read time intervals on noise pattern (horizontal axis), if 
required. 


9. Photograph pattern for permanent record. 


When it is desired to investigate the frequency components of 
noise, use the setup shown in Fig. 3-9. A sharply tunable a-f am- 
plifier is connected ahead of the oscilloscope.’ This amplifier is tuned 
successively to each frequency of interest and amplitude and time 
characteristics are checked. Because most frequencies are present 
only randomly in the noise mixture, a photograph of the display is 
needed in order to hold the display long enough for study and meas- 
urement. 


3.8 ACOUSTIC NOISE AND SOUND 


The measurement of acoustic noise and sound is similar to that 
of electrical noise, explained in Section 3.7, except that the sound 
or noise in this instance is picked up with a microphone. The latter 
thus serves as a sound-to-voltage transducer. A high-quality sound- 
calibrated capacitor microphone is used with a preamplifier which 
boosts the microphone output voltage to a level suitable for the 
oscilloscope input. 


Figure 3-10A shows the test setup used when only the noise/sound 
amplitude (and, perhaps, time characteristics) are of interest. The 
display will resemble Fig. 3-8. Figure 3-10B shows insertion of a 
tunable amplifier to separate any desired frequency component in 
the spectrum of the noise signal for study and evaluation. 


Through use of the sound-calibration data supplied by the manu- 
facturer of the microphone and preamplifier, the voltage-calibrated 
screen of the oscilloscope may be calibrated in decibels, and sound 
intensity levels read directly without calculations. 


1Such continuously tunable instruments operating in the 20-20,000-cps 
range include tuned amplifiers, sound and vibration analyzers, and wave ana- 
lyzers. 
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FIG. 3-10. The setup for acoustic noise and 
sound. 


3.9 VIBRATION 


The measurement of vibration is similar to the measurement of 
electrical noise (Section 3.7) and acoustic noise and sound (Section 
3.8), except that the vibration is sampled with a vibration pickup 
attached to the vibrating body. This transducer usually is a piezo- 
electric device which delivers an a-c voltage proportional to the 
acceleration of the vibrating body. It is supplied with a suitable 
preamplifier. One commercial vibration pickup system (General Ra- 
dio Type 1560-P11l) includes self-contained integrator networks 
which provide output voltages proportional to velocity and displace- 
ment. For vibration studies, the vibration pickup and preamplifier 
are substituted for the microphone and preamplifier in F ig. 3-10A 
and B. 

If only vibration and time characteristics (intensity, acceleration, 
displacement, velocity, time) are of interest, use the setup in Fig. 


eo 
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3-10A. When it is desired to separate single vibration frequencies 
for study and measurement, use the setup in Fig. 3-10B. Often, a 
given frequency occurs only randomly, and the display must be 
photographed in order to hold it long enough for measurement. 

Through use of vibration-calibration data supplied by the manu- 
facturer of the pickup and preamplifier, the voltage-calibrated screen 
of the oscilloscope may be calibrated for direct reading of intensity, 
acceleration, velocity, or displacement. 


3.10 ROTATIONAL SPEED 


Various transducers are available for converting the rotational 
speed of a machine to a proportional voltage or frequency. They 
operate on either magnetic, capacitive, or photoelectric principles. 
A common form of tachometer-type magnetic transducer is a minia- 
ture generator which is operated by the rotating wheel or shaft under 
observation. Either an a-c or d-c generator might be used, but ac 
generally is chosen because of the ease with which it may be am- 
plified. 

Depending upon make and model, the generator is supplied to 
deliver either (1) an output voltage proportional to speed, or (2) 
a frequency proportional to speed. The output of the first type is 
specified by the manufacturer in rpm/volt, and the output of the 
second in rpm/cps. Capacitive and photoelectric transducers are of 
the frequency type, and require no mechanical attachment to the 
rotating device. For the voltage type, use the test setup in Fig. 
3-11A; for the frequency type, use Fig. 3-11B. 


Test Procedure (Voltage-Type Transducer ) 
1. Set up voltage-calibrated oscilloscope. 
2. Set oscilloscope VERTICAL SELECTOR switch for ac or 
dc conforming to the pickup output. 
3. Connect pickup to VERTICAL INPUT terminals, as shown 
in Fig. 3-11A. 
4. Couple pickup mechanically to rotating device. 
5. Read voltage from calibrated screen of oscilloscope. 
6. Calculate revolutions per minute: multiply indicated volt- 
age by rpm/v figure supplied by pickup manufacturer. 
Note: Either of the voltage-measuring methods (with or without 
sweep) may be used. (See Chapter 5, Volume 1.) 


2-34 PRACTICAL OSCILLOSCOPE HANDBOOK 


GENERATOR-TYPE 
TRANSDUCER 


(A) VOLTAGE CIRCUIT 


Vertical Horizontal 
Input Input 
VARIABLE — FREQUENCY 


GENERATOR-TYPE 


TRANSDUCER AUDIO OSCILLATOR 


(B) FREQUENCY CIRCUIT 


FIG. 3-11. The setup for rotational speed. 


Test Procedure (Frequency-Type Transducer ) 


1. Set up oscilloscope. 

2. Switch-off internal sweep. 

3. Set SYNC SELECTOR switch to EXTERNAL. 

4. As shown in Fig. 3-11B, connect pickup to VERTICAL 
INPUT terminals and an accurate variable-frequency audio 
oscillator to HORIZONTAL INPUT terminals. 

5. Couple pickup (if a generator) mechanically to rotating 
device. 

6. Adjust HORIZONTAL and VERTICAL GAIN controls for 
pattern of desired size. 

@. By tuning oscillator, identify pickup frequency by means of 
Lissajous figures (see Section 6.1, Volume 1). 

8. Calculate revolutions per minute: multiply indicated fre- 
quency by rpm/cps figure supplied by pickup manufacturer. 


Note: Either of the common frequency-measuring methods may 
be used. (See Chapter 6, Volume 1.) 
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3.11 OBJECT SPEED 


The speed (velocity) of a rapidly moving object, such as a bullet, 
missile, projectile, or vehicle, may be measured with the setup shown 
in Fig. 3-12A. This scheme reveals the instant at which the moving 
object passes each of two points separated by an accurately known 


distance. From the time interval and distance, the speed may be 
calculated. 
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a ted PULSE B 


(B) RESPONSE 


FIG. 3-12. Object speed. 


In Figure 3-12A, light sources A and B project their beams to 
light-sensitive pickups A and B, respectively. (The latter may be 
either self-generating photocells or d-c powered phototubes.) The 
photo-devices are connected to the vertical inputs of a dual-trace 
oscilloscope. Distance D between the two light beams is known with 
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precision. As the opaque object travels in the direction indicated, 
it interrupts the first light beam, causing the output of photocell A 
to drop momentarily to zero and produce a pulse (A) on the screen 
(see Fig. 3-12B). The object then interrupts the second light beam, 
causing the output of photocell B to drop momentarily to zero and 
produce a second pulse (B) on the screen. This effect is so rapid 
that the display must either be photographed or obtained with a 
storage oscilloscope. The distance between the pulse peaks may be 
measured along the time-calibrated horizontal axis, and the object 
speed determined from the indicated time interval and distance D. 


Test Procedure 


1. Set up time-calibrated dual-trace oscilloscope. Instrument 
must be either a storage oscilloscope or equipped with a 
camera. 

2. Switch-on internal recurrent sweep. 

3. Set SYNC SELECTOR switch to EXTERNAL. 

4. Set up equipment as shown in Fig. 3-12A and measure D in 
feet. 

D. Set sweep to trial rate. 

6. Set HORIZONTAL and VERTICAL GAIN controls to trial 
positions. 

7. Set TRACE POSITION controls to space traces as shown 
in Fig. 3-12B. 

8. If camera is used, hold shutter open in bulb position. 

9. Propel object and close shutter after exposure (if storage 
oscilloscope is used, simply propel object, the two pulses will 
remain on screen until erased). 

10. Develop picture. 

11. If second pulse is off screen, increase sweep frequency 
(decrease sweep time rate) and repeat Steps 8, 9, and 10. 
12. Along time-calibrated horizontal axis, measure distance 
between pulse peaks and convert this to seconds (t) from 
sweep time calibration. 

13. Calculate object speed: V (in ft/sec) = D/t. 


If a multi-trace oscilloscope is used, a timing wave (see Section 
3.2) may be fed into a third vertical input, and the pulse-to-pulse 
time determined from the timing-wave pattern which appears simul- 
taneously with the pulses. 
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3.12 STRAIN 


Abundant means are available for measuring stress and strain of 
a static nature. But the dynamic type—strain that varies rapidly with 
time—is conveniently measured from oscilloscope photographs or 
from the display retained by a storage oscilloscope. 


STRAIN GAUGE A STRAIN GAUGE B 


Vertical 
Input 


D-C SOURCE 
(A) TEST SETUP 


tH — — — —ZERO LINE 


(B) RESPONSE 


FIG. 3-13. Strain measurement. 


Figure 3-13A shows a setup for checking dynamic strain with a 
conventional high-speed oscilloscope. Here, two resistance wire-type 
strain gauges (A and B) and a potentiometer (R) are connected in 
a d-c bridge circuit. One strain gauge is cemented to the structure 
under test and the other is an identical unit used as the reference 
arm of the bridge. Initially, when the structure is not stressed, poten- 
tiometer R is adjusted to balance the bridge. At this time, the bridge 
output voltage is zero and the oscilloscope is not deflected. When 
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the structure is subsequently stressed, the resistance of the attached 
strain gauge is altered, the bridge consequently is unbalanced, and 
the proportional d-c output voltage deflects the oscilloscope. The 
result is a plot of strain vs. time, such as is shown in Fig. 3-13B. 

When using the oscilloscope camera, hold the shutter open (bulb 
position), stress the structure, close the shutter, and develop the 
picture. If the strain pulse bleeds off the screen, decrease the sweep 
frequency (increase sweep time rate). The pattern reveals voltage 
amplitude (vertical axis) and time intervals (horizontal axis). The 
voltage may be converted to strain units (e. g., micro-inches/inch ) 
by reference to the calibration figure (micro-inches/inch/volt) sup- 
plied by the strain gauge manufacturer. 


3.13 PRESSURE 


Photographs from a conventional oscilloscope or displays retained 
by a storage oscilloscope are invaluable in the study and measure- 
ment of dynamic pressure—pressure that changes with time (often 
in the sharp manner of a transient). Such pressures are encoun- 
tered in engine cylinders, gun barrels, pumps, hydraulic and pneu- 
matic piping, and similar places. Various types of pressure-to-voltage 
transducers are available, including strain gauge, piezoelectric, and 
capacitive models. 

The strain gauge type consists basically of a resistance-type strain 
gauge cemented to a pressure-actuated diaphragm. This pickup may 
be operated as one arm of a resistance bridge, as in Fig. 3-13A. The 
pickup is installed in the wall of a chamber in which the pressure 
will be generated. With no pressure present, potentiometer R is 
adjusted to balance the bridge; the bridge output voltage at this 
point is zero, and the oscilloscope is not deflected. Later, pressure 
distends the diaphragm, stretching the attached strain gauge and 
changing its resistance. This unbalances the bridge, and a propor- 
tional voltage is delivered to the oscilloscope. The resulting plot of 
pressure vs. time resembles the strain display shown in Fig. 3-13B. 

As in the preceding example, when using the oscilloscope camera, 
hold the shutter open (bulb position), operate the test system, close 
the shutter, and develop the picture. If the pressure pulse bleeds 
off screen, decrease the sweep frequency (increase sweep time rate). 


ee a ee eee 
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The pattern reveals voltage amplitude (vertical axis) and time inter- 
vals (horizontal axis). The voltage may be converted to pressure 
units (e.g., Ibs/sq. in.) by reference to the calibration figure (psi/v) 
supplied by the pressure pickup manufacturer. 

The piezoelectric pressure pickup is also widely used. This type 
has the advantage that it is self-generating, and therefore needs no 
battery or other power supply. Neither does it require the bridge 
circuit shown in Fig. 3-13A but may be connected directly to a 
high-gain oscilloscope or through a preamplifier to a low-gain oscillo- 
scope. 


3.14 ACCELERATION 


For the study of fluctuations in acceleration as a function of time, 
a resistance-type accelerometer may be connected in an oscilloscope 
bridge circuit, as shown in Fig. 3-13A. The accelerometer replaces 
one of the strain gauges in this circuit and a fixed resistor replaces 
the other. 

The bridge is balanced, by adjustment of potentiometer R, either 
at zero acceleration or some preselected value of acceleration. 
The bridge output at this point is zero and the oscilloscope is not 
deflected. When the acceleration subsequently changes, the bridge 
unbalances and a proportional voltage is applied to the oscilloscope. 
The result is a display of acceleration vs time, similar to the strain 
pattern shown in Fig. 3-13B. 

As in both preceding examples, when using the oscilloscope cam- 
era hold the shutter open (bulb position), operate the test system, 
close the shutter, and develop the picture. If the acceleration pattern 
bleeds off screen, decrease the sweep frequency (increase sweep 
time rate). The pattern reveals voltage amplitude (vertical deflec- 
tion) and time intervals (horizontal deflection). The voltage may 
be converted to acceleration units (ft/sec?) by reference to the 
calibration figure (ft/sec? per volt) supplied by the accelerometer 
manufacturer. 


3.15 BASIC MEASUREMENT OF CAPACITANCE 


Capacitance may be measured from a capacitor discharge curve. 
This requires a d-c oscilloscope with triggered single sweep that is 
of the storage type or equipped with a camera. 
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FIG. 3-14. Basic measurement of capacitance. 


Figure 3-14A sl.ows the test setup. C is the capacitor under test, 
and B is a 12-volt battery for charging the capacitor. R, is a preci- 
sion 1-watt noninductive resistor. (The resistance of R; should be 
100K for testing capacitances between 10 pf and 0.1 pfd, 10K for 
0.1-10 pfd, 1K for 10-100 pufd, and 100 ohms for 100-1000 pfd.) 
Rz is a 1-megohm % watt resistor to isolate R; from the oscilloscope 
input resistance. When the DPDT test switch (S,-S.) is thrown to 
position A, capacitor C is charged by battery B; when this switch is 
thrown to position B, the capacitor discharges through resistor Rj. 
At this time, section S, of the switch triggers a single sweep of the 
oscilloscope. 

The shape of the discharge curve which is displayed on the screen 
is shown in Fig. 3-14B. When S,-S2 is thrown to position B, the volt- 
age across R, rises suddenly to the fully charged value E at time t,. 
Immediately, the capacitor begins to discharge through R;. At time 
to, the voltage has fallen to 37 percent of the fully charged value. 
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The unknown capacitance (in pfd) is determined from the time 
interval between t; and tz (in msec) and the resistance of R; (in 
ohms): C = 1000(te-ti) /R. 

If a dual-trace oscilloscope is used, a convenient timing wave 
(the lower pattern in Fig. 3-14B) may be displayed simultaneously 
with the discharge curve by means of a timing generator connected 
to the second vertical input. If a single-trace oscilloscope is used, 
the time interval te-t,; may be measured (1) from the calibrated 
sweep (Section 3.2); (2) from the calibrated horizontal axis (Sec- 
tion 3.2); or (3) by means of a timing wave recorded below the dis- 
play by a second exposure after the main display has been photo- 
graphed or stored. (The timing signal is applied to the VERTICAL 
INPUT terminals in place of the capacitor test circuit, and the VER- 
TICAL POSITION control is adjusted to place the timing wave 
below the main display. ) 


Test Procedure 


1. Set up storage or camera-equipped oscilloscope. This instru- 
ment must have provision for externally (switch) triggered 
single sweep and must have d-c input. 


2. Set up equipment as shown in Fig. 3-14A. 


3. Set SWEEP FREQUENCY (TIME RATE) controls for 
trial rate. | 


4. Set HORIZONTAL and VERTICAL GAIN controls to trial 
position. 


5. Set SYNC SELECTOR switch to EXTERNAL. 

6. Hold camera shutter open (bulb position ). 

7. Hold switch S;-S, at position A for about 2 seconds. 
8. Throw switch to position B. 

9. After exposure, close shutter and develop picture. 


10. If discharge curve bleeds off screen before it falls to the 
0.37 E point, decrease sweep frequency (increase sweep time 
rate) and repeat Steps 6 to 9. 


11. On oscillogram, locate time point tz at which voltage ampli- 
tude is 0.37 maximum (it is not necessary that vertical axis be 
voltage-calibrated ). 

12. Measure time interval (t:-t;) between maximum voltage 
point (E) and 0.37 E voltage point. 
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13. Calculate capacitance: C = 1000(to-t,)/R, where C is in 
fd, t; and ts in msec, and R in ohms. 

14. If useful portion of discharge curve cannot be confined to 
screen, select another value for Ri, as explained above. 


If the oscilloscope has low vertical sensitivity, the voltage of bat- 
tery B may be increased to produce a pattern of suitable height. 
However, voltage E must not exceed the maximum safe d-c operat- 
ing voltage of the capacitor under test. 


3.16 BASIC MEASUREMENT OF INDUCTANCE 


Inductance may be measured by means of a time-constant method 
similar to that described for capacitance in the preceding section. 
A d-c oscilloscope with triggered sweep is required, and this instru- 
ment must be either camera-equipped or of the storage type. 
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FIG. 3-15. Basic measurement of inductance. 
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Figure 3-15A shows the test setup. L is the inductor under test and 
B is a battery or well-filtered d-c power supply for forcing a current 
through it. R, is a rheostat for adjusting the current level. This unit 
must be calibrated and fitted with a direct-reading OHMS dial, or 
its resistance when it is set during the inductance test must be meas- 
ured with the rheostat temporarily removed from the circuit. With 
a given battery voltage, R; must be set (with the switch closed and 
a d-c ammeter or milliammeter temporarily inserted at point X) for 
maximum safe operating current of the inductor. The resistance of 
the rheostat at this setting must be noted. Since the internal resist- 
ance of an inductor varies with make and model, the battery voltage 
must be selected to suit the circumstances and cannot be specified 
here. 

Resistor Rz is a 1-megohm % watt unit used to isolate R, from the 
oscilloscope input resistance. When the DPST test switch (Sj-S.) 
is open, no current flows through the inductor, and the oscilloscope 
receives no signal voltage. When the switch is closed, section S, 
closes the d-c circuit, and current flows through L and R;, in series. 
This produces a voltage drop across Ri, which is the signal volt- 
age applied to the oscilloscope. At the same time, section S. closes 
the trigger circuit and initiates a single sweep of the oscilloscope. 
Because of the counter emf generated by the inductor, the current 
(and voltage E) cannot reach its maximum value instantaneously, 
but increases exponentially, as shown by the curve (Fig. 3-15B) 
which is displayed on the screen. At time t,, the voltage has risen 
to 63 percent of its final (maximum, steady) amplitude E. The 
unknown inductance (in henrys) is determined from the time inter- 
val between to and t; (t) = zero) and resistance Rj. 

If a dual-trace oscilloscope is used, as in Fig. 3-15A, a convenient 
timing wave (the lower pattern in Fig. 3-15B) may be displayed 
simultaneously with the response curve by means of a timing gen- 
erator connected to the second vertical input. If a single-trace oscil- 
loscope is used, the time interval t,-tp may be measured (1) from 
the calibrated sweep (see Section 3.2); (2) from the time-calibrated 
horizontal axis (Section 3.2); or (3) by means of a timing wave 
recorded below the display by a second exposure after the initial 
display has been photographed or stored. (The timing signal is 
applied to the VERTICAL INPUT terminals in place of the induc- 
tor test circuit, and the VERTICAL POSITION control is adjusted 
to place the wave below the main display. ) 
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Test Procedure 


1. Set up d-c storage or camera-equipped oscilloscope. This 
instrument must have provision for externally (switch) trig- 
gered single sweep. 

2. Measure d-c resistance of inductor and record as R,. 

3. Set up equipment as shown in Fig. 3-15A. 

4. Insert a d-c ammeter or milliammeter temporarily at point 
X, close switch S;-Ss, adjust rheostat R; for maximum rated 
inductor current, and record rheostat resistance setting as R,. 
Then, open S;-Sz, remove meter, and restore circuit. 

5. Set SWEEP FREQUENCY (TIME RATE) to trial rate. 
6. Set HORIZONTAL and VERTICAL GAIN controls to trial 
position. 

7. Set SYNC SELECTOR switch to EXTERNAL. 

8. Hold camera shutter open (bulb position). 

9. Close switch S;-So. 

10. After exposure, close shutter, open switch, and develop 
picture. 

11. If response curve bleeds off screen before it reaches maxi- 
mum amplitude E, decrease sweep frequency (increase sweep 
time rate) and repeat Steps 8 to 10. 

12. On oscillogram, locate time point t; at which voltage am- 
plitude is 0.63 E (it is not necessary that vertical axis be volt- 
age-calibrated ). 

13. Measure time interval (t) between zero (t)) and t,. 

14. Calculate inductance: L = 0.001 t(R, + R,), where L is 
in henrys, t is in milliseconds, and R, and R, are in ohms. 


Chapter 4 


Checking Components 


In test circuits for checking component parts, an oscilloscope is 
connected and driven in a manner similar to that of a wideband 
v-t voltmeter. But whereas the vtvm indicates only the amplitude of 
a test signal, the oscilloscope can display a plot of amplitude against 
a second variable, such as time, and will show waveform, presence 
of transients, and other supplementary phenomena as well. The 
information it presents instantly could otherwise be acquired only 
by making a series of many tests and then plotting the data point 
by point. The oscilloscope is especially useful, therefore, in those 
component tests entailing response curves, transient phenomena, 
phase relations, and combinations of variables. 

The tests given in this chapter are the kind in which the oscillo- 
scope has particular value. There are many more tests in which the 
oscilloscope functions only as a vtvm, jobs which (except in equip- 
ment shortages) might be left to the less expensive meter. It is 
difficult, of course, to draw a sharp line between component testing 
and the checking of physical quantities, but the distinction made 
should be evident in most examples. However, some overlap is 
unavoidable (see, for example, Sections 3.3, 3.7, 3.15, and 3.16). 
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4.1 MAGNETIC COMPONENTS 


Many magnetic-core devices are used in electronics. These include 
transformers, choke coils and similar inductors, magnetic amplifiers, 
saturable reactors, and computer memory cores. Hysteresis and 
saturation are important properties of the core materials and may 
be determined by oscilloscope methods in a fraction of the time 
required for data taking and curve plotting. 
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FIG. 4-1. Magnetic saturation and hysteresis. 


Figure 4-1A shows a setup for these tests. Here, L is an inductor 
under test. (A temporary coil may be wound around a sample _ 
core.) A low, noninductive resistance (1 to 10 ohms) is connected — 
in series with the inductor. The sine-wave a-c generator has adjust- 
able output and forces a current through L and R. This generator 
must be tunable to the desired test frequency and its power output 
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must be sufficient for saturation of the inductor. The oscilloscope 
must have identical d-c horizontal and vertical channels to eliminate 
phase difference. 

The entire generator output voltage is applied to. the horizontal 
input as a sinusoidal sweep voltage. The voltage drop across resistor 
R is applied to the vertical input as a current signal. If the inductor 
has neither hysteresis nor saturation at any generator voltage, the 
response is a 45°, right-tilted straight line, as in Fig. 4-1B1. If either 
of these properties is present, however, the shape of the pattern 
will lie between the extremes represented by Fig. 4-1B2 and 4-1B4. 
Vertical deflection is proportional to flux density B (+ gausses above 
the zero line and — gausses below); horizontal deflection is propor- 
tional to magnetizing force H (+ oersteds to the right of the vertical 
center line and — oersteds to the left). 


Test Procedure 


1. Set up d-c oscilloscope having voltage-calibrated horizontal 
axis. 

2. Switch-off internal recurrent sweep. 

3. Set SYNC SELECTOR switch to EXTERNAL. 

4. Position spot at exact center of screen. 

5. Connect equipment as shown in Fig. 4-1A. If only a sample 
of core material is available, wind a coil of insulated wire on 
it, using as many turns as possible. 

6. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range or to calibration point. 

7. Increase generator output, noting that pattern enlarges on 
screen. Continue to increase output until bending of upper and 
lower ends of pattern shows saturation is reached. Double-line 
trace (Figs. 4-1B2, 4-1B3, 4-1B4) indicates hysteresis. 

8. If hysteresis loop pattern bleeds off screen, readjust HORI- 
ZONTAL and VERTICAL GAIN controls. 

9. Compare hysteresis loop with specifications by manufac- 
turer of core material or device under test. 

10. From voltage-calibrated horizontal axis, note peak voltage 
(-++ and —) at which saturation occurs. 

11. Repeat test at as many frequencies as required. 


Magnetic material for computer cores, magnetic amplifiers, and 
bistable devices is expected to show hysteresis. A square loop (Fig. 
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4-1B4) is prized. In material for transformer cores and other power 
devices, however, hysteresis is an important source of loss and is 
undesirable. (The energy lost per cycle per cubic centimeter of 
material is W = 4% a f H dB, where f H dB is the area of the 
hysteresis loop. This area may be measured approximately by total- 
ing the areas of the screen squares within the loop, or closely by 
running a planimeter around the photographed loop. ) 


4.2 FERROELECTRIC COMPONENTS 


Certain crystalline materials, such as barium titanate, triglycene 
sulfate, and GASH (guanadine aluminum sulfate hexahydrate), 
exhibit electrostatic hysteresis. The latter may be regarded as the 
electrostatic equivalent of the magnetic effect described in Section 
4.1, Two-plate capacitors with single-crystal ferroelectric material 
as the dielectric have been used in dielectric amplifiers (electro- 
static equivalent of the magnetic amplifier), bistable devices, and 
computer memories. 

Figure 4-2A shows a setup for testing saturation and hysteresis 
of ferroelectrics. Here, X is the test. unit. A ferroelectric capacitor 
may simply be connected in this position; but if only the ferroelec- 
tric material is available for the test, a thin, flat slab of it must be 
provided with metal plates (as shown in Fig. 4-2A) to form a test 
capacitor. The ferroelectric unit is connected in series with a fixed 
capacitor, C (0.1 to 0.5 ufd). The sine-wave a-c generator has adjust- 
able output and forces a current into the capacitive circuit (X and 
C in series). This generator must be tunable to the desired test fre- 
quency and its maximum output voltage must be sufficient to satu- 
rate the ferroelectric. The oscilloscope must have identical d-c 
horizontal and vertical channels to eliminate phase difference. 

The entire generator output voltage is applied to the horizontal 
input as a sinusoidal sweep voltage. The voltage across capacitor C 
is applied to the vertical input as a current signal. If sample X 
has neither saturation nor hysteresis at any generator voltage, the 
response pattern is a 45°, right-tilted straight line, as in Fig. 4-2B1. 
If cither of these properties is present, however, the shape of the 
pattern will lie between the extremes represented by Fig. 4-2B2 and 
4-2B4. Vertical deflection is proportional to electric charge Q (+ 
coulombs above the zero line, and — coulombs below); horizontal 
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FIG. 4-2. Electrostatic saturation and hysteresis. 


deflection is proportional to applied voltage V (+ volts to the right 
of the vertical center line, and — volts to the left). 


Test Procedure 


1. Set up d-c oscilloscope having voltage-calibrated horizontal 
axis. 

2. Switch-off internal recurrent sweep. 

3. Set SYNC SELECTOR switch to EXTERNAL. 

4. Position spot at exact center of screen. 

9. Conrect equipment as shown in Fig. 4-2A. Connect a ferro- 
electric capacitor as shown at X; if only a sample of material 
is available, make a capacitor by providing it with metal plates. 
6. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 

7. Increase generator output, noting that pattern enlarges on 
screen. Continue to increase output until bending of upper and 
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lower ends of pattern shows saturation is reached. Double-line 
trace (Figs. 4-2B2, 4-2B3, 4-2B4) indicates hysteresis. 

8. If hysteresis loop bleeds off screen, readjust HORIZONTAL 
and VERTICAL GAIN controls. 

9. From voltage-calibrated horizontal axis, note peak voltage 
(-+ and —) at which saturation occurs. 

10. Compare hysteresis loop with specifications by producer 
of ferroelectric material. 

11. Repeat test at as many frequencies as required. 


Ferroelectric material for computer memory cells, dielectric ampli- 
fiers, voltage-tuned circuits, and bistable devices is expected to 
show hysteresis. A square loop (Fig. 4-2B4) is prized. In dielectric 
material for conventional capacitors, however, hysteresis is a source 
of loss and is undesirable. (The energy lost per cycle per cubic cen- 
timeter of the material is W = 4a f V dQ, where f V dQ is the 
area of the hysteresis loop. This area may be measured approxi- 
mately by totaling the areas of the screen squares within the loop, 
or closely by running a planimeter around the photographed loop. ) 


4.3 RELAYS 


Relays may be checked for make, break, make-time, and break- 
time. A d-c oscilloscope with an externally (switch) triggered single 
sweep is required. If a dual-trace instrument is available, a timing 
generator may be connected to the second vertical input, as shown 
in Fig. 4-3A and B; if a single-trace oscilloscope is used, its hori- 
zontal axis must be time-calibrated. 

A relay which makes and breaks cleanly will give a rectangular 
wave pattern (Fig. 4-3C1); bouncing contacts will produce ampli- 
tude fluctuations, generally at closure (Fig. 4-3C2). Make-time t, 
(Fig. 4-3C3) is the interval between application of voltage and 
actual closure of the relay; break-time t. is the interval between 
interruption of voltage and opening of the relay. 

Figure 4-3A shows a test setup for a d-c relay (RY). For a given 
battery (B) voltage, resistance R is chosen to limit the contact cur- 
rent to the value specified by the relay manufacturer. When switch 
S is closed, the relay closes and the voltage across resistor R is 
applied as a signal to the vertical input. Closure of S also initiates 
a single sweep in the oscilloscope. 
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FIG. 4-3. Relay tests. 


Test Procedure 


1. Set up d-c oscilloscope having triggered single sweep. In- 
strument must be either camera-equipped or storage type. If 
oscilloscope is dual-trace, connect timing generator to second 
vertical input; if single-trace, time-calibrate horizontal axis. 

2. Switch-off internal recurrent sweep. 

3. Set SYNC SELECTOR switch to EXTERNAL. 

4. Connect equipment as shown in Fig. 4-3A. 


5. Set HORIZONTAL and VERTICAL GAIN controls to trial 
position. 
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6. If camera is used, hold shutter open (bulb position), next 
close and open switch S, then close shutter, and, finally, de- 
velop picture. (If oscilloscope is storage-type, only close and 
open switch S. ) 

7. Inspect oscillogram for contact bounce (Fig. 4-3C2): meas- 
ure amplitude of bounce components on voltage-calibrated ver- 
tical axis; measure time duration of bounce components on 
time-calibrated horizontal axis or with aid of timing wave. 

8. Measure make-time and break-time (t; and ts, respectively, 
in Fig. 4-3C3) on time-calibrated horizontal axis or with aid 
of timing wave. 

9. If pattern bleeds horizontally off-screen, increase sweep 
time; if its height is unsatisfactory, readjust VERTICAL GAIN 
control. 


Figure 4-3B shows a test setup for an a-c relay (RY). In this 
arrangement, ac is supplied to the relay coil, but de from battery B 
is supplied to the oscilloscope as signal and trigger voltage. The con- 
tacts of DPST switch S;-S, must close or open at the same instant. 
When this switch is closed, section S; makes the a-c circuit and the 
relay closes. At the same time, section Ss closes the battery circuit, 
causing dc to flow through the relay contacts and resistor R (which 
produces the vertical signal), thereby initiating the sweep. As in the 
d-c circuit, resistance R is chosen, for a given battery (B) voltage, 
to limit the contact current to the d-c value specified by the relay 
manufacturer. 

The test procedure is the same as that explained for the d-c relay. 
A defective a-c relay may exhibit chattering contacts, a trouble 
revealed by a ripple on the flat-top of the rectangular wave pattern. 


4.4 VIBRATORS 


Figure 4-4 shows test setups for power supply vibrators: the non- 
synchronous type in Fig. 4-4A and the synchronous (self-rectifying ) 
type in Fig. 4-4B. In each circuit, C; and RFC form an r-f hash filter, 
and C, is a high-voltage buffer capacitor. Figure 4-5 shows sample 
test patterns. 

To test either type of vibrator under actual operating conditions, 
resistance-load the power supply to its rated output, and connect 
the oscilloscope vertical input across the primary winding of the 
power transformer, T. 
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FIG. 4-4. Vibrator tests. 


Test Procedure 


1. Set up voltage-calibrated and time-calibrated oscilloscope. 
2. Switch-on internal sweep. 

3. Set SYNC SELECTOR switch to INTERNAL. 

4, Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range or to calibration point. 

5. Connect equipment as shown in Fig. 4-4 (A or B, which- 
ever applies). 

6. Close switch S. 

7. Adjust SWEEP FREQUENCY and SYNC controls for two 
stationary cycles on screen (see Fig. 4-5, B to E). 


8. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 
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FIG. 4-5. Vibrator test patterns. 


Figure 4-5A is an idealized version of the vibrator square-wave 
voltage developed across the transformer primary. Positive peak 
voltage (+E) and negative peak voltage (—E) are measured from 
the zero line on the voltage-calibrated vertical axis; time intervals 
ti, te, tz, and t, are measured along the time-calibrated horizontal 
axis. (If a dual-trace oscilloscope is used, a timing wave may be 
displayed simultaneously with the pattern.) Intervals t; and tz show 
the length of time the vibrator contacts are closed on positive and 
negative half-cycles, respectively. Interval tg shows the length of 
time taken to open “on the positive side” and close “on the negative 
side”; interval t,; shows the similar switching time from negative 
back to positive. For efficient operation and long vibrator life, t; and 
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ts must be long with respect to ty and t,. (A desirable relationship is 
ti = tz = 9(te + ts). This means that the ON time, t, + ts, is 90 
percent of the square-wave cycle. ) 

Numerous facts regarding vibrator operating conditions may be 
deduced from the observed waveform. Figures 4-5B and C 
show typical waveforms for nonsynchronous and synchronous units, 
respectively. In Fig. 4-5C, the peak curvature is due to full-load 
voltage drop in the transformer primary and does not indicate 
trouble. Figure 4-5D shows the effect of contact bounce. Too low 
a buffer (C2) capacitance gives the effect shown in Fig. 4-5E. In 
it, there are fluctuations similar to those resulting from contact 
bounce, but the leading corners of the square-wave half-cycles are 
noticeably rounded as well. 


4.5 CHOPPERS 


Choppers (modulators) are used to convert d-c signals to ac for 
subsequent amplification in many instrumentation and control cir- 
cuits. Electromechanical and electronic (semiconductor-type) chop- 
pers are available. In all of these devices, an a-c driving (or excita- 
tion) voltage converts the d-c input to a square-wave output volt- 
age, the amplitude of which is proportional to the d-c voltage. The 
electromechanical chopper is a highly refined vibrator which is 
externally excited; the transistor-type chopper is an electronic switch 
which accomplishes the same purpose. 

Figure 4-6A shows a test setup for the electromechanical chopper. 
The d-c is applied to the D-C INPUT terminals. The a-c driving 
voltage (supplied by an oscillator, multivibrator, or power line) is 
applied to the A-C EXCITATION terminals. The reed, set into 
vibration by the exciting magnetic field, alternately closes the d-c 
circuit through the top and bottom halves of the transformer pri- 
mary, generating a square-wave voltage across this winding. As in 
vibrator testing (Section 4.4), the primary voltage is presented to 
the vertical input of a voltage-calibrated, time-calibrated oscillo- 
scope. 

F igure 4-6B shows a semiconductor-type chopper employing two 
transistors, Q; and Q». The d-c signal is applied to the D-C INPUT 
terminals. The square-wave a-c excitation voltage, applied through 
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FIG. 4-6. Chopper tests. 


isolating transformer T, switches the transistors into alternate con- 
duction, resulting in a square-wave output voltage with amplitude 
proportional to the d-c input. The a-c output voltage is presented 
to the vertical input of a voltage-calibrated, time-calibrated, a-c 
oscilloscope. 


Test Procedure 


1. Set up voltage-calibrated, time-calibrated oscilloscope. 
2. Switch-on internal sweep. 
3. Set SYNC SELECTOR switch to INTERNAL. 


4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range or to calibration point. 
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9. Connect equipment as shown in Fig. 4-6 (A or B, which- 
ever applies). 

6. Apply a-c excitation and maximum rated d-c input to 
chopper. 

7. Adjust SWEEP FREQUENCY and SYNC controls for two 
stationary cycles on screen. 

8. Readjust HORIZONTAL and VERTICAL GAIN controls 
for suitable width and height of pattern. 

9. Measure amplitude of square wave on voltage-calibrated 
vertical axis; examine time characteristics on time-calibrated 
horizontal axis. (If dual-trace oscilloscope is used, a timing 
wave may be displayed simultaneously with the square-wave 
pattern. ) 

10. Inspect square wave for amplitude and time characteris- 
tics similar to those given for the vibrator in Figs. 4-5A and D. 
Also examine square wave for switching transients (overshoots 
on turn-on and/or turn-off ). 

11. With d-c signal disconnected but with a-c excitation ap- 
plied, check output for electrical noise (see Section 3.7)—Test 
electromechanical chopper first with D-C INPUT terminals 
opened, and then with D-C INPUT terminals short-circuited; 
test transistor chopper with D-C INPUT terminals open. 


4.6 MICROPHONES 


Figure 4-7 shows a test setup for microphone performance. 
Whether or not a preamplifier is required depends upon oscillo- 
scope vertical gain and microphone output voltage. A high-level 
microphone may be connected directly to the vertical input, as in 
Fig. 4-7A; a carbon microphone will require a battery (B), cur- 
rent-adjusting rheostat (R), and step-up transformer (T), as shown 
in the insert in Fig. 4-7. The output of a low-level microphone 
must be built up with a suitable preamplifier having high gain and 
low distortion, as in Fig. 4-7B. 

Test residual noise level by shielding the microphone from sounds, 
using full gain of the oscilloscope and preamplifier, and following 
the procedure outlined in Section 3.7. For other tests, excite the 
microphone with acoustic energy delivered by a calibrated, low- 
distortion sound source. Use internal sweep and sync of the oscillo- 
scope to reproduce several cycles of the sound frequency. Vary the 
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FIG. 4-7. Microphone tests. 


sound frequency to check microphone response throughout its speci- 
fied range and examine the microphone output for distortion and 
amplitude variation. 

See also Acoustic Noise and Sound in Section 3.8. 


4.7 POTENTIOMETER NOISE 


Electrical noise generated by a current-carrying potentiometer 
may be checked with the setup shown in Fig. 4-8A. Battery B sup- 
plies the maximum rated d-c voltage of potentiometer R. 

With the oscilloscope internal sweep switched-on, a clean, straight, 
horizontal-line trace (Fig. 4-8B1) is obtained at any setting of poten- 
tiometer R, whether the potentiometer wiper arm is resting or in 
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motion. If there is “static” noise in the potentiometer, a jagged 
noise pattern similar to Fig. 4-8B2 is obtained with the arm resting 
on the noisy spot. If there is “dynamic” noise in the potentiometer, 
the noise pattern is generated only when the arm is moved on the 
resistance element. For continuous cycling in dynamic tests, the arm 
often is moved back and forth by a suitable motor. Measure the 
noise-voltage amplitude on the calibrated vertical axis of the oscillo- 
scope. Photograph the display for a permanent record. 
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FIG. 4-8. Potentiometer noise test. 


Any sweep frequency above 100 cps usually is satisfactory for this 
test. The SYNC SELECTOR switch should be set to EXTERNAL. 
It should be noted that voltage-divider action in the potentiometer 
varies when the position of the wiper arm is changed. This results in 
a vertical-input signal of varying mean d-c level. It is because of this 
action that the a-c oscilloscope is recommended. 
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4.8 SEMICONDUCTOR RECTIFIER, VISUAL TEST 


The current-voltage characteristic curve of a semiconductor recti- 
fier is presented instantly by the d-c oscilloscope in the test setup 
shown in Fig. 4-9. For this purpose, both the horizontal and vertical 
axis of the oscilloscope must be d-c voltage-calibrated, with the zero 
point at center screen. When this is done (see Fig. 4-10A), a posi- 
tive horizontal-input voltage will deflect the spot from center screen 
(zero point) to the right, and a negative horizontal-input voltage 
will deflect it to the left. Similarly, a positive vertical-input voltage 
will deflect the spot from center screen upward, and a negative ver- 
tical-input voltage will deflect it downward. The oscilloscope must 
have identical horizontal and vertical channels to eliminate phase 
difference. 

The rectifier (D) under test is connected in series with a 1-ohm 
resistor (R) and the secondary winding of transformer T. The sec- 
ondary voltage must be the maximum recommended operating volt- 
age of the rectifier, and may be closely adjusted with the Variac. 
The a-c voltage alternately biases the rectifier anode positive and 
negative, causing first forward current and then reverse current to 
flow through resistor R. The resulting voltage drop across the resistor 
is applied to the vertical input and deflects the spot rapidly up and 
down. At the same time, the a-c voltage is applied to the horizontal 
input and deflects the spot rapidly from side to side. The vertical 
deflection is proportional to the rectifier current flowing through R, 
and the horizontal deflection is proportional to the applied voltage. 
The instantaneous position of the spot is governed, therefore, by the 
voltage and its polarity and by the current and its polarity at that 
instant. This causes the response curve to be traced and instantly 
produced, as far as the eye is concerned, as in Fig. 4-10B. When R 
is 1 ohm, current may be read directly on the voltage-calibrated ver- 
tical axis (e. g., 0.1 v deflection = 0.1 amp = 100 ma). This is the 
same curve obtained by successively applying d-c voltages to the 
rectifier and checking corresponding d-c currents. Figure 4-10C and 
D shows curves indicating faulty operation. 


Test Procedure 


I. Set up oscilloscope dc-calibrated as explained above. 
2. Switch-off internal sweep. 
3. Set SYNC SELECTOR switch to EXTERNAL. 
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4. Set HORIZONTAL and VERTICAL GAIN controls to cali- 
brated point. 


5. Connect equipment as shown in Fig. 4-9. 


6. Adjust Variac for transformer secondary voltage corre- 
sponding to maximum rated applied voltage of rectifier D. 

7. Observe curve on screen and compare with those in Fig. 
4-10. 

8. Check voltage and current at any points of interest on curve. 
9. Photograph curve for permanent record or later study. 
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FIG. 4-9. Semiconductor rectifier test. 


4.9 SEMICONDUCTOR DIODE, VISUAL TEST 


The current-voltage characteristic curve of a small-signal semi- 
conductor diode may be obtained with the kind of test setup 
described for the rectifier in Section 4.8. A problem, however, is 
the large ratio of normal forward to reverse voltage for the diode; 
a forward voltage of the same amplitude as the reverse voltage at 
which a diode is rated will damage the diode, and the rectifier 
test circuit (Fig. 4-9) delivers the same forward and reverse volt- 
ages. The diode can be checked in this type of circuit, but the volt- 
age swing must be limited to the maximum forward value. This is 
not high enough for a realistic test in the reverse direction. 
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FIG. 4-10. Rectifier response patterns. 


What is needed is a lopsided a-c test voltage which swings a short 
distance in the forward direction (positive half-cycle) and a long 
distance in the reverse direction (negative half-cycle). Such a volt- 
age may be obtained with the arrangement shown in Fig. 4-11A. 
Here, separate high-vacuum rectifier tubes (V1, V2), chosen for linear 
conduction near zero, alternately switch a low positive (forward ) 
voltage and high negative (reverse) voltage to the anode of the 
diode (D) under test. Tube Vi conducts when the upper secondary 
terminal is positive, and R, is adjusted for maximum rated forward 
voltage across the diode. When the upper secondary terminal swings 
negative, V; cuts off and removes R, from the circuit, but V2 now 
conducts, delivering a negative half-cycle of voltage to diode D at 
the full peak voltage of the secondary minus the small drop in the 
tube. Figure 4-11B shows the positive and negative voltage sequence 
applied to the diode. It is only necessary to adjust the Variac for 
maximum rated reverse voltage across diode D, and then to adjust 
R, for maximum rated forward voltage across D. 
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FIG. 4-11. Semiconductor diode test. 


The test procedure is the same as for the semiconductor rectifier 
(see Section 4.8). The oscilloscope must have identical horizontal 
and vertical channels to eliminate phase difference. 


4.10 DIODE SWITCHING CHARACTERISTICS 


Diodes used in digital computers must switch and recover rapidly. 
Switching characteristics are readily determined from oscillograms. 
For this purpose, a high-speed oscilloscope is required (i.e., one 
having wide frequency response and excellent transient characteris- 
tics). The horizontal axis of the instrument must be time-calibrated. 

Figure 4-12A shows one test setup (various others are specified 
by diode manufacturers, consumers, and military agencies). The 
diode (D,) initially is forward-biased by the current (I; in Fig. 
4-12B) from the 250 v d-c supply, adjusted by means of rheostat 
R, and milliammeter M. A negative square wave, developed across 
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50-ohm resistor R», switches the diode voltage rapidly to a high nega- 
tive value. But because carriers, stored during the forward conduc- 
tion, linger at the diode junction, the diode does not cut off imme- 
diately. Instead, a high reverse current (I, in Fig. 4-12B) flows 
momentarily as a steep transient. As the carriers are then swept out 
of the junction, the reverse current falls to its low steady-state value, 
I,. The diode thus alters the square wave to the shape shown in 
Fig. 4-12B. Forward and reverse currents flow through resistor Ru, 
and the voltage drop across this resistor actuates cathode follower 
V2, which applies the distorted square wave to the oscilloscope ver- 
tical input. Tube diode V; clamps the Ry, voltage to a safe level for 
the oscilloscope. 
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FIG. 4-12. Diode recovery time. 


The interval t between the negative peak and the point at which 
the reverse current has reached its low steady-state value is the diode 
recovery time. 
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Test Procedure 


1. Set up high-speed oscilloscope with time-calibrated hori- 
zontal axis. 

2. Switch-on internal sweep. 

3. Set SYNC SELECTOR switch to INTERNAL. 

4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 

5. Connect equipment as shown in Fig. 4-12A. 

6. Set square-wave generator to repetition rate (frequency ) 
of 100 ke. 

7. Set R, for recommended forward test current, as indicated 
by milliammeter M. 

8. Increase output of generator, noting that pattern appears 
on screen. 

9. Adjust oscilloscope SWEEP FREQUENCY and SYNC con- 
trols for a single, stationary pattern. 

10. Readjust HORIZONTAL and VERTICAL GAIN controls 
for suitable height and width. 

11. Measure recovery time t (Fig. 4-12B) along time-cali- 
brated horizontal axis. (If dual-trace oscilloscope is used, a 
timing wave may be displayed simultaneously with main 
pattern. ) 

12. Photograph display if permanent record is desired. 

13. Repeat test at other square-wave frequencies, if required. 


4.11 TRANSISTOR SWITCHING CHARACTERISTICS 


Transistors used in digital computers, like diodes, must be capable 
of fast switching. Figure 4-13A shows a test setup for checking 
transistor switching characteristics. For this application, a high- 
speed, dual-trace oscilloscope is required (i.e., one having excel- 
lent high-frequency and transient response). The horizontal axis 
of the instrument must be time calibrated. 

In this test, the collector and base of transistor Q are d-c biased, 
and a 5-ysec 4-v peak pulse is applied to the base-emitter input 
circuit. This pulse is also applied to the oscilloscope vertical input 
No. 2. The transistor delivers an output pulse (rotated 180° by 
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the common-emitter circuit) to vertical input No. 1. Figure 4-13B 
shows the two pulses displayed simultaneously on the screen for 
easy comparison. 

The switching characteristics of the transistor are determined 
from amplitude and time measurements made on the calibrated ver- 
tical and horizontal axes, as indicated in Fig. 4-13B. 
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FIG. 4-13. Transistor switching characteristics. 


Test Procedure 


1. Set up dual-trace, high-speed oscilloscope having time-cali- 
brated horizontal axis. 


2. Switch-on internal recurrent sweep common to both traces. 
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3. Set SYNC SELECTOR switch to INTERNAL. 

4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range (or to calibration point). 

5. Connect equipment as shown in Fig. 4-13A. 

6. Apply d-c voltages to transistor circuit. (Collector supply 
voltage is shown as 5 v. Use other value if specified by tran- 
sistor manufacturer. ) 

7. Set pulse generator output to 4-v peak (5-ysec pulse width). 
8. Adjust oscilloscope SWEEP FREQUENCY and SYNC con- 
trols for single, stationary input and output pulses on screen 
(Fig. 4-13B ). 

9. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary. 

10. Along time-calibrated horizontal axis, measure delay time 
ta, rise time t,, storage time t,, and fall time t;, as indicated in 
Fig. °4-13B. 

11. Compare with transistor manufacturer’s switching speci- 
fications. 

12. Photograph display if permanent record is desired. 

13. Repeat test at selected values of applied d-c base voltage. 


4.12 TUNNEL DIODE, VISUAL TEST 


The negative-resistance curve of a tunnel diode may be displayed 
by a d-c oscilloscope in the test setup shown in Fig. 4-14A. Both 
the horizontal and vertical axes must be voltage-calibrated, with the 
spot positioned at the lower left side of the screen for zero. The 
oscilloscope must have identical horizontal and vertical channels 
to eliminate phase difference. 

In this arrangement, the tunnel diode (De) under test is forward- 
biased with positive half-cycles of voltage supplied by the IN645 
silicon rectifier D,. The peak voltage, as read on the horizontal axis 
of the oscilloscope, is adjusted by means of the Variac and must not 
exceed the maximum recommended d-c forward voltage of the 
tunnel diode. This voltage is also applied as the sweep voltage to 
the horizontal input. Tunnel diode current develops a proportional 
voltage drop across load resistor R3, and this voltage is applied to 
the vertical input as a current signal. The result is the forward con- 
duction curve of the tunnel diode with its negative-resistance region, 
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as shown in Fig. 4-14B. Forward voltage is read along the calibrated 
horizontal axis. Since Rg = 10 ohms, forward current may be deter- 
mined from the voltage e¢ read along the vertical axis by dividing 
by 10: I = e;/10. 


TUNNEL 

RIA 
bieeshiise DIODE 
UNDER 


TEST 


FROM A-C 
POWER LINE 
(A) TEST SETUP 
CURRENT 
+ VOLTAGE 
Ce ING (eat ae 


(B) RESPONSE | 


FIG. 4-14. Tunnel diode test. 


Test Procedure 


1. Set up d-c oscilloscope voltage-calibrated as explained | 
above. 
2. Switch-off internal sweep. : 
3. Set SYNC SELECTOR switch to EXTERNAL. 


4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range (or to voltage calibration point). 


5. Connect equipment as shown in Fig. 4-14A. 


6. With tunnel diode (Dz) in circuit, adjust Variac for voltage 
(as read at right end of pattern on screen) equal to maximum 
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forward voltage recommended by tunnel diode manufacturer 
(read along horizontal axis). 


@. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary. 


8. Read voltage and current (current = 1/10 of vertical volt- 
age) at any point of interest on curve. 


9. Photograph display if permanent record is needed. 
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FIG. 4-15. Transistor test. 


4.13 TRANSISTOR, VISUAL TEST 


Figure 4-15 shows test setups for instant presentation of the col- 
lector voltage—collector current (v.i-) curve of a transistor. Figure 
4-15A gives the circuit for a common-emitter transistor connection; 
Figure 4-15B gives the circuit for a common-base connection. 
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In these circuits, the collector voltage consists of positive half- 
cycles of voltage supplied by silicon rectifier D. This voltage is also 
presented to the oscilloscope horizontal input for sweep. Collector 
current flow develops a voltage drop across resistor R,, and this 
voltage is applied to the vertical input as the current signal. The 
transistor d-c base current in Fig. 4-15A or the d-c emitter current 
in Fig. 4-15B (derived from battery B) is set to the desired test 
level by means of rheostat Re and microammeter or milliammeter M. 

A d-c oscilloscope is required. This instrument must have identical] 
horizontal and vertical channels to eliminate phase difference. The 
horizontal and vertical channels must be d-c voltage-calibrated, with 
the spot positioned for zero at the left side of the screen. 

The v.ie curve resembles Fig. 4-16A for the common-emitter, or 
Fig. 4-16B for the common-base. 


CURRENT 
VOLTAGE 
, _ ZERO ZERO _ ur 
LINE LINE 
(A) (B) 
COMMON-EMITTER COMMON-BASE 


FIG. 4-16. Transistor response patterns. 


Test Procedure 


1. Set up oscilloscope that has been dc-calibrated as explained 
above. 


2. Switch-off internal sweep. 
3. Set SYNC SELECTOR switch to EXTERNAL. 


4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range or to calibration point. 


5. Set up equipment as shown in Fig. 4-15 (A or B, whichever 
applies). 
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6. Adjust Variac to give collector voltage, as read on calibrated 
horizontal scale, not in excess of rated collector voltage of tran- 
sistor (Q) under test. 

7. Adjust rheostat R, for desired base current (Fig. 4-15A) or 
emitter current (Fig. 4-15B). 

8. Observe curve on screen. 

9. Read collector voltage (horizontal axis) and collector cur- 
rent (vertical axis) at any point of interest. Since R; = 10 
ohms, current values may be determined by dividing verti- 
cal voltage by 10. 

10. Repeat test at each desired value of base current or emitter 
current, and collector voltage. 

11. Photograph display if permanent record is needed. 


The connections shown in Figs. 4-15A and B are for n-p-n tran- 
sistors. For p-n-p transistors, reverse polarity of rectifier D, battery 
B, and meter M. Also, set zero at the right end of the screen (the 
curves will be the reverse of those shown in Fig. 4-16). 

Where this test gives a single curve, more complicated circuits 
will display an entire family of curves (one for each selected value 
of base current or emitter current). The equipment for this multiple 
display is complicated and is available as a specialized oscilloscope 
(e. g., Tektronix Type 575 Transistor-Curve Tracer ). Similar oscillo- 
scopes are also commercially available for presentation of tube 
curves, such as a family showing plate voltage/plate current vs. 
grid voltage (e. g., Tektronix Type 570 Electron-Tube Curve- 
Tracer ). 


4.14 OSCILLOSCOPE AS BRIDGE NULL 
DETECTOR 


As the null detector for an a-c bridge, the oscilloscope, unlike a 
meter used for the purpose, gives separate indications for reactive 
balance and resistive balance of the bridge. Figure 4-17 shows how 
an oscilloscope is connected to the bridge. Here, T is a shielded 
transformer, and capacitor C and potentiometer R form an adjust- 
able phase-shift network. The generator voltage is applied simul- 
taneously to the oscilloscope horizontal input (through the phase 
shifter) and to the bridge input. The bridge output signal is ap- 
plied to the oscilloscope vertical input. Figure 4-18 shows the type 
of patterns obtained. 
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FIG. 4-17. The oscilloscope as a null detector. 


Test Procedure 


1. Set up oscilloscope. 

2. Switch-off internal sweep. 

3. Set SYNC SELECTOR switch to EXTERNAL. 

4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 

5. Connect equipment as shown in Fig. 4-17. 

6. With bridge unbalanced but with test component (resistor, 
capacitor, inductor) connected to bridge UNKNOWN termi- 
nals, adjust R in phase shifter to give ellipse pattern on screen. 
7. Readjust HORIZONTAL and VERTICAL GAIN controls 
for ellipse of suitable size. 

8. Adjust reactance control of bridge, noting that ellipse tilts 
to right (Fig. 4-18A) or to left (Fig. 4-18C). When reactance 
balance is complete (reactance null), ellipse will be horizontal 
(Fig. 4-18B). 

9. Adjust resistance (power factor, dissipation factor, or Q) 
control of bridge, noting that ellipse closes. 

10. At complete null (reactance and resistance both bal- 
anced), straight horizontal line is obtained (Fig. 4-18E). If 
resistance is balanced while reactance is unbalanced, tilted 


ellipse will close, giving single-line trace tilted to the right 
(Fig. 4-18D) or to the left (Fig. 4-18F). 
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(A) (B) (C) 
REACTANCE AND RE- REACTANCE BALANCED, REACTANCE AND RE- 
SISTANCE UNBALANCED RESISTANCE UNBALANCED SISTANCE UNBALANCED 


(D) (E) (F) 
RESISTANCE BALANCED, COMPLETE NULL RESISTANCE BALANCED, 
REACTANCE UNBALANCED (RESISTANCE AND REACTANCE UNBALANCED 


REACTANCE BALANCED) 


FIG. 4-18. Null detector patterns. 


A simpler but less effective way to use an oscilloscope as a null 
detector is to connect the bridge output (DETECTOR terminals) 
to the vertical input and use the oscilloscope as a voltmeter which 
gives its lowest reading at null. This method may be used with in- 
ternal sweep either on or off. (See Direct Measurement of Voltage, 
Section 5.2, Volume 1.) If a sensitive d-c oscilloscope is used, this 
method is suitable for d-c, as well as a-c, bridges. 


Chapter 5 


Performance Checking 


The performance of electric and electronic circuits of many kinds 
(and of some nonelectric circuits as well) may be studied with the 
oscilloscope. In some applications, this instrument, in effect, plots a 
performance curve which it presents instantly. In others, it shows 
wave shape, phase, time, and similar factors. Any nonelectrical phe- 
nomenon which can be converted to voltage by means of ‘a trans- 
ducer may be applied to the oscilloscope for performance testing. 

Many tests of electrical and electronic equipment are described 
in Volume 1. Those explained in this chapter, however, are of a 
more scientific or industrial nature. Some of the tests of physical 
quantities in Chapter 3 of this volume may be regarded as perform- 
ance tests, as well, and may be so applied (overlap in these areas 
is unavoidable). 

The merits of the modern high-performance oscilloscope coupled 
with the convenience of photographic recording enables laboratory 
and field testing of equipment otherwise possible only through long, 
laborious data taking. 


5.1 COMMUTATOR RIPPLE IN GENERATORS 


The amplitude, frequency, and waveform of ripple in the output 
of a d-c generator may be checked with the test setup shown in 
Fig. 5-1A. An a-c oscilloscope is usually used to block the mean d-c 
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output voltage of the generator from the instrument (this voltage is 
high, compared to that of the ripple and can cause off-screen deflec- 
tion), and internal recurrent sweep is operated. The ripple-voltage 
pattern resembles Fig. 5-1B1. The test is made under conditions of 
no load (switch S open) and full load (switch S closed). 


D-C GENERATOR Vertical Input 


(A), TEST. SETUP 


Open E, 
Er = OTS 
4 


7 ~~ ZERO 4S ie aie 


(1) (2) (3) 
(B) RESPONSE 


FIG. 5-1. Commutator ripple. 


Test Procedure 


1. Set up voltage-calibrated a-c oscilloscope. 

2. Switch-on internal sweep. 

3. Set SYNC SELECTOR switch to INTERNAL. 

4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 

5. Connect equipment as shown in Fig. 5-1A—Select resistance 
R for full load of the generator. Generator output (d-c voltage 
plus peak ripple voltage) must not exceed maximum safe input 
voltage rating of oscilloscope. 


6. Operate generator, noting that pattern appears on screen. 
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7. Adjust SWEEP FREQUENCY and SYNC controls for sey- 
eral stationary ripple humps (Fig. 5-1B1). 

8. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 

9. From voltage-calibrated vertical axis, measure peak amplli- 
tude of ripple voltage (E, in Fig. 5-1B1). Make separate meas- 
urements with switch S open and closed. 

10. Determine ripple frequency by (a) adjusting SWEEP 
FREQUENCY and SYNC controls for a single, stationary 
ripple hump on screen, and (b) reading frequency from cali- 
brated sweep. If oscilloscope does not have frequency-cali- 
brated sweep, use an external audio oscillator (connected to 
horizontal input) and Lissajous figures to measure frequency. 


If a generator armature coil is open, the corresponding ripple 
hump will be missing from the pattern (Fig. 5-1B2). If one coil has 
high resistance (loose connection, dirty comniutator bar, etc.), the 
corresponding hump will be lower than the others. Intermittent con- 
tact (brush chatter) will produce fluctuations and noise waves on 
the ripple trace. 

Sometimes it is desired to observe both output voltage and ripple 
simultaneously. This is a composite-voltage measurement and re- 
quires a d-c oscilloscope. The d-c output deflects the base line up- 
ward from zero to +-E (equal to the output voltage), as shown in 
Fig. 5-1B3. Ripple voltage E, is then measured from the +E line 
to the peaks of the humps. However, low ripple is difficult to meas- 
ure when +E is very high compared to E,. 


5.2 POWER SUPPLY RIPPLE 


Ripple in the d-c output of an ac-operated power supply (includ- 
ing the vibrator type and electronic inverter type) is due to the a-c 
supply. Its amplitude and frequency depend upon whether the rec- 
tifier circuit is half-wave or full-wave and whether the a-c supply 
is single-phase or polyphase. Measurement is similar to that of com- 
mutator ripple (described in Section 5.1). 

Figure 5-2A shows the test setup. An a-c oscilloscope is used to 
block the mean d-c output voltage of the power supply from the 
oscilloscope (this voltage is high, compared to the ripple, and can 
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cause off-screen deflection), and the internal recurrent sweep is op- 
erated. The ripple-voltage pattern resembles Fig. 5-2B1 for full- 
wave rectification, and Fig. 5-2B2 for half-wave rectification. These 
wave shapes apply both to single-phase and polyphase operation. 
The test is made under conditions of no load (switch S open) and 


full load (switch S closed). 


Vertical Input 


+O 
POWER 
SUPPLY os. 


(A) TEST SETUP 


c1:) (2) 
FULL-WAVE HALF -WAVE 
Ey 
+E ah EY 
ie eo 
(3) (4) 
UNBALANCE COMPOSITE VOLTAGE 


(B) RESPONSE 


FIG. 5-2. Power supply ripple. 


Test Procedure 
1. Set up voltage-calibrated a-c oscilloscope. 


2. Switch-on internal sweep. 
3. Set SYNC SELECTOR switch to INTERNAL. 
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4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 


39. Connect equipment as shown in Fig. 5-2A—Select resistance 
R for full load of power supply. Power supply output (d-c 
voltage plus peak ripple voltage) must not exceed maximum 
safe input voltage rating of oscilloscope. 


6. Switch-on power supply, noting that pattern appears on 
screen. 


7. Adjust SWEEP FREQUENCY and SYNC controls for sey- 
eral, stationary ripple humps (Fig. 5-2B1 for full-wave supply; 
Fig. 5-2B2 for half-wave supply). 


8. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 


9. From voltage-calibrated vertical axis, measure peak ampli- 
tude of ripple voltage (see E, in Fig. 5-2B1). Make separate 
measurements with switch S open and closed. 


10. Determine ripple frequency by (a) adjusting SWEEP 
FREQUENCY and SYNC controls for a single, stationary ripple 
hump on screen, and (b) reading frequency from calibrated 
sweep. If oscilloscope does not have frequency-calibrated 
sweep, use an external audio oscillator (connected to horizon- 
tal input) and Lissajous figures to measure frequency. 


If the halves of a full-wave circuit are unbalanced (mismatched 
rectifiers, one defective rectifier, unequal loading, breakdown on one 
side, etc.), the humps will alternate in height, as shown in Fig. 
5-2B3. If the half-wave pattern (Fig. 5-2B1) is obtained from a full- 
wave power supply, one-half of the circuit is dead. Electrical noise 
generated by the power supply will produce fluctuations and noise 
waves on the ripple trace. 

Sometimes, it is desired to observe output voltage and ripple 
simultaneously. This is a composite voltage measurement and re- 
quires a d-c oscilloscope. Circuit connections are the same as in 
Fig. 5-2A. The d-c output of the power supply deflects the base line 
upward from zero to +E (equal to the output voltage), as shown 
in Fig. 5-2B4. Ripple voltage E, is then measured from the +E line 
to the peaks of the humps. However, low ripple is difficult to meas- 
ure when +-E is very high compared to E,. 
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5.3 MULTIVIBRATOR SIGNAL VOLTAGES 


Important characteristics of multivibrator signal voltages are peak 
amplitude, waveform, duration, and repetition rate. All may be de- 
termined from a single oscilloscope display. A calibrated oscillo- 
scope used in this application must have high frequency capability 
and excellent transient response. It should also be equipped with a 
low-capacitance probe. Internal recurrent sweep is used. 


C, Charging Cy Charging 


\—---B+ —---B+t 


------ ---0 


Low-Capacitance 
Probe 


B- 3 Vertical 0 
Input 
O 
Co Charging C, Charging 


Saati cat ©) 7 a 
aio ari wicge Cy Ania 


(C) (D) 


FIG. 5-3. Multivibrator test. 


Multivibrators, very useful in modern electronics, are of many 
types and not all of them can be treated in this limited space. Figure 
5-3 shows a typical, symmetrical, free-running multivibrator circuit 
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with grid- and plate-voltage waveforms indicated at (A), (B), (C), 
and (D). Patterns resembling these are obtained when the low- 
capacitance probe is touched to the corresponding circuit points. 


Test Procedure 


1. Set up voltage-calibrated, time-calibrated oscilloscope hay- 
ing low-capacitance probe. 

2. Switch-on internal sweep. 

3. Set SYNC SELECTOR switch to INTERNAL. 

4. Set HORIZONTAL and VERTICAL GAIN controls to 
mid-range. 

5. Connect equipment as shown in Fig. 5-3. 

6. Switch-on multivibrator. 

7. Touch low-capacitance probe to circuit test point. 

8. Adjust SWEEP FREQUENCY and SYNC controls for two 
or three stationary pulses on screen. 

9. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 

10. Measure pulse amplitudes of interest on voltage-calibrated 
vertical axis. 

11. Measure pulse times of interest on time-calibrated hori- 
zontal axis. 

12. Measure pulse repetition rate (multivibrator frequency ) 
by (a) adjusting SWEEP FREQUENCY and SYNC controls 
for a single, stationary pulse on screen, and (b) reading fre- 
quency from sweep controls. If oscilloscope has time-calibrated 
sweep, calculate frequency from time indication. If oscilloscope 
has no sweep calibration, use an external oscillator or signal 
generator (connected to horizontal input) and Lissajous fig- 
ures to measure frequency. 


With a dual-trace oscilloscope, grid and plate waves may be dis- 
played simultaneously for comparison. 


5.4 BLOCKING-OSCILLATOR SIGNAL VOLTAGES 


The blocking oscillator, like the multivibrator, is widely used in 
modern electronics. Characteristics of particular interest in block- 
ing-oscillator signal voltages are peak amplitude, waveform, dura- 
tion, and repetition rate. All of these may be determined from a 
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single display by a calibrated oscilloscope that has high frequency 
capability and excellent transient response and is equipped with a 
low-capacitance probe. 
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FIG. 5-4. Blocking-oscillator test. 


There are many kinds of blocking-oscillator circuits, both tube- 
and transistor-type. Figure 5-4 shows a typical circuit with plate-, 
grid-, and output-voltage waves indicated at (A), (B), and (C), 
respectively. In each of these displays, t; and ts represent conduc- 
tion-time intervals, t. represents the cutoff-time interval, and E,. 
represents the grid voltage for plate current cutoff. Patterns resem- 
bling these are obtained when the low-capacitance probe is touched 
to the corresponding circuit points. 
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Test Procedure 


1. Set up voltage-calibrated, time-calibrated oscilloscope hav- 
ing low-capacitance probe. 

2. Switch-on internal sweep. 

3. Set SYNC SELECTOR switch to INTERNAL. 

4, Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 

5. Connect equipment as shown in Fig. 5-4. 

6. Switch-on blocking oscillator. 

7. Touch low-capacitance probe to circuit test point. 

8. Adjust SWEEP FREQUENCY and SYNC controls for two 
stationary pulses on screen. 

9. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 

10. Measure pulse amplitudes of interest on voltage-calibrated 
vertical axis. 

11. Measure pulse times of interest on time-calibrated hori- 
zontal axis. 

12. Measure pulse repetition rate (oscillator frequency) by 
(a) adjusting SWEEP FREQUENCY and SYNC controls for 
a single, stationary pulse on screen, and (b) reading frequency 
from sweep controls. If oscilloscope has time-calibrated sweep, 
calculate frequency from time indication. If oscilloscope sweep 
is uncalibrated, use an external oscillator or signal generator 
(connected to horizontal input) and Lissajous figures to meas- 
ure frequency. 

13. If repetition rate is too low for a usable stationary dis- 
play on screen, photograph display for later study and meas- 
urement. 


With a dual-trace oscilloscope, two waves may be displayed si- 
multaneously for comparison. A multiple-trace instrument will per- 
mit display of all three oscillator waves plus a timing wave. 


5.5 FILTER RESPONSE 


It is well known that the response curve of a radio-frequency 
tuned circuit or network may be displayed instantly on an oscillo- 
scope screen when the r-f test signal is derived from a sweep signal 
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generator. Points on the curve are identified in frequency by means 
of a marker generator. This technique is often used in studies of 
radio and TV receiver passband and is described in Chapter 9 of 
Volume 1. 

It perhaps is not as well known that a similar technique may be 
used to display the response curve of an audio-frequency network, 
such as a wave filter. This method is advantageous when a series 
of adjustments must be made to a filter, and a large number of 
point-by-point measurements would otherwise have to be made to 
show the total effect of each adjustment. For this application, an a-f 
sweep signal generator is required. This may be either an instrument 
(such as Kay Model M) embodying electronic sweep that can be 
used with any oscilloscope, or an a-f oscillator or signal generator 
tuned over its frequency range by means of a synchronous dial 
drive (such as General Radio Type 908) used with a long-persistence 
oscilloscope, storage-type oscilloscope, or camera-equipped oscillo- 
scope. 

Figure 5-5A shows a fully electronic test setup. In this arrange- 
ment, the generator supplies a swept signal (e. g., 20 cps to 20 kc), 
sweep voltage for the oscilloscope, and markers for identifying fre- 
quency points on the displayed curve. The oscilloscope vertical 
channel must have good frequency response up to at least twice 
the highest frequency at which the filter is to be tested. Figure 
5-5B shows typical response curves for high-pass, low-pass, band- 
pass, and band-suppression filters. 


Test Procedure 


1. Set up voltage-calibrated oscilloscope. 

2. Switch-off internal sweep. 

3. Set SWEEP SELECTOR switch to EXTERNAL. 

4. Set SYNC SELECTOR switch to EXTERNAL. 

3. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 

6. Connect equipment as shown in Fig. 5-SA—Choose resist- 
ance R, equal to input impedance of filter under test; choose 
resistance R, equal to output impedance of filter; connect 
sweep-generator sweep output to HORIZONTAL INPUT ter- 
minal, as shown, unless oscilloscope has separate terminal for 
external sweep input. 
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FIG. 5-5. Filter test. 


7. Set generator sweep width for desired frequency test range 
(e.g., 50 cps to 20 kc). 

8. Adjust generator output amplitude, noting that pattern ap- 
pears on screen. 


9. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 


10. Identify frequency points of interest on displayed curve 
by means of marker (see Fig. 5-5B) delivered by generator, 
and read frequency from generator marker dial. 


11. Measure amplitude of any point of interest on curve by 
means of voltage-calibrated vertical axis. 
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5.6 INTERNAL COMBUSTION ENGINE 
PRESSURE 


Dynamic engine pressure under actual operating conditions may 
be checked with the setup shown in Fig. 5-6A. The pressure pickup 
is one of the piezoelectric units combined with a spark plug. A typ- 
ical response curve, as displayed by the oscilloscope, is shown in 


Fig. 5-6B. 
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FIG. 5-6. Engine pressure test. 


Test Procedure 


1. Set up voltage-calibrated, time-calibrated oscilloscope. 
2. Switch-on internal sweep. 
3. Set SYNC SELECTOR switch to INTERNAL. 


4, Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 
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5. Connect equipment as shown in Fig. 5-6A. The preamplifier 
must be voltage-calibrated or it must have accurately known 
single-valued gain, in order that the vertical deflection of the 
oscilloscope may be read as the actual voltage output of the 
pressure pickup. 

6. Operate engine, noting that pattern similar to Fig. 5-6B 
appears on screen. 

7. Adjust SWEEP FREQUENCY and SYNC controls for sin- 
gle, stationary pressure pulse on screen. 

8. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 

9. Read voltage amplitude at points of interest on curve. Con- 
vert to output voltage of pressure pickup. 

10. Convert voltage amplitude to pressure units by reference 
to calibration figure (psi/v) supplied by manufacturer of pres- 
sure pickup. 

11. Read time at points of interest on curve by means of time- 
calibrated horizontal axis. If dual-trace oscilloscope is used, a 
convenient timing wave may be displayed simultaneously with 
pressure curve. 

12. Repeat test at higher sweep frequency to give several 
pulses showing any change in pressure during successive en- 
gine cycles. 


This test method is applicable also to other devices in which pres- 
sure is generated, such as guns, pumps, hydraulic and pneumatic 
pipe lines, expansion chambers, etc. 


5.7 THYRATRON CONDUCTION ANGLE 


In thyratron tubes used in the control of welders, motors, and 
other equipment, the phase and/or amplitude of the a-c grid-control 
signal is adjusted so that anode current is initiated at a selected 
point on the grid-voltage cycle and continues to flow until the half- 
cycle of anode voltage reaches zero and cuts it off. This current flow 
is conveniently described with reference to grid-cycle angle. Thus, 
anode current (I,) might start when the grid-voltage positive half- 
cycle is at 20° and continue to flow until this half-cycle falls to zero 
at 180°—a 160° flow angle. 
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DUAL-TRACE 
OSCILLOSCOPE 


FROM 

A-C 
CONTROL- 
VOLTAGE 
CIRCUIT 


Vertical Vertical 


Input No. | Input No. 2 
(A) TEST SETUP fe Pay 


Iq YING TRACE NO. | 
Eg CLAS, TRACE NO. 2 


(B) RESPONSE 


FIG. 5-7. Thyratron conduction angle. 


The thyratron conduction angle may be determined readily from 
a simultaneous display of grid voltage and anode current by a dual- 
trace oscilloscope. Figure 5-7 shows a test setup. Here, resistor R 
is temporarily connected in series with the anode, external load 
device, and anode supply transformer. The resistance is kept low 
(e.g., 1 ohm) so that its presence does not degrade circuit operation. 
Anode current flowing through this resistor develops a voltage drop 
which is applied to one vertical input. The grid voltage is applied 
to the other vertical input. Figure 5-7B shows the type of display ob- 
tained. In this example, Trace 1 depicts anode current and Trace 2 
depicts grid voltage. Note that here anode current starts to flow 
when grid voltage is at 90° and continues to flow until grid voltage 
reaches 180°—a 90° conduction angle. 
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Test Procedure 


1. Set up dual-trace oscilloscope. 

2. Switch-on internal sweep, common to both traces. 

3. Set SYNC SELECTOR switch to INTERNAL. 

4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 

5. Connect equipment as shown in Fig. 5-7A. 

6. Switch-on thyratron circuit and adjust it as required, noting 
that pattern appears on screen. 

7. Adjust SWEEP FREQUENCY and SYNC controls for two 
or three stationary cycles of each wave on screen. 

8. Readjust HORIZONTAL and VERTICAL GAIN controls, 
if necessary, for suitable width and height of pattern. 

9. On the basis of 1 uncontrolled conduction pulse = 180°, 
determine by reference to the grid-voltage wave (Trace 2) 
the angle of flow of anode current, as depicted by any of the 
conduction pulses (Fig. 5-7B). 


5.8 CAMERA SHUTTER SPEED 


The speed of operation of a camera shutter or similar light gate 
may be measured with the test setup shown in Fig. 5-8A. An oscillo- 
scope having a time-calibrated horizontal axis is required. 

In the test setup, a dc-operated lamp is mounted rigidly in front 
of the camera (alternating current will produce fluctuations in light 
and this will wrinkle the test pattern). A tiny 1N77B germanium 
photodiode is placed inside the camera and pointed toward the 
lens. While the shutter is open, the illuminated photodiode conducts 
current from battery B through resistor R. When the shutter is 
closed, the cell is darkened and the current ceases. The short burst 
of current produced by the rapid opening and closing of the shutter 
produces a voltage drop of short duration across resistor R, and this 
voltage is presented to the vertical input of the oscilloscope to pro- 
duce a pulse on the screen (see Fig. 5-8B). The width of the top 
of this pulse (t in Fig. 5-8B) is proportional to the open-time of 
the shutter, and the time interval is determined from the time-cali- 
brated horizontal axis. Because shutters are rapid in action, the 
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pulse will not remain long on the screen of a conventional oscillo- 
scope. Therefore, the pattern must be photographed or a storage- 
type oscilloscope used. 


Lens And 
Shutter CAMERA 


IN77B 
Photodiode Vertical 
a>) Input 


D-C POWERED 
LAMP Cathode 


(A) TEST SETUP 


-F- 


inh 


(B) RESPONSE 


FIG. 5-8. Camera shutter speed. 


Test Procedure 

1. Set up time-calibrated oscilloscope. Instrument must be ei- 
ther camera-equipped or of the storage type. 

2. Switch-on internal recurrent sweep. 

3. Set SYNC SELECTOR switch to INTERNAL. 


4. Set HORIZONTAL and VERTICAL GAIN controls to mid- 
range. 


5. Connect equipment as shown in Fig. 5-8A, turn on lamp, 
and close shutter of camera under test. 
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6. Set HORIZONTAL GAIN control to confine horizontal 
trace inside screen (from a to b in Fig. 5-8B). If this is not 
done, image may fall off screen. 

7. Make test run: (a) Operate shutter; (b) observe quick pulse 
on screen; and (c) readjust VERTICAL GAIN control, if nec- 
essary, for suitable pulse height. 

8. Attach oscilloscope camera. 

9. Hold shutter of oscilloscope camera open (bulb position), 
operate shutter of camera under test, and develop picture. 
10. Along time-calibrated horizontal axis on picture, deter- 
mine time interval (t) during which shutter of test camera 
was open. 


If a dual-trace oscilloscope is used, a timing wave may be dis- 
played simultaneously with the test pulse for easy comparison. If 
the oscilloscope has no time calibration, determine time interval t 
in the following manner: 


1. Without disturbing any of the oscilloscope control settings, 
remove test circuit and in its place connect a variable-frequency 
oscillator to the VERTICAL INPUT terminals. 

2. Tune the oscillator to obtain a single, stationary cycle which 
exactly fills the space from a to b (Fig. 5-8B). 

3. Read frequency f from the oscillator dial. 

4. Determine time interval between a and b: T; = 1/f, where 
Ti is in seconds, and f in cps. 

5. Calculate shutter time: T, = T,(D2/D;), where T, and T» 
are in seconds, D, is the distance (in screen divisions) between 
a and b, and D, is the width of the pulse (in screen divisions). 


5.9 ROLE OF OSCILLOSCOPE IN COMPUTER 
TESTING 


The oscilloscope has three main functions in computer work: 
circuit testing, computer readout, and troubleshooting. It is used 


with 


analog and digital computers. In each case, the utility of this 


instrument results from its high input impedance (negligible load- 
ing of the computer circuit) and its ability to display pulse shape 
and changes, as well as signal amplitude. With a multiple-trace 
oscilloscope, separate information can be displayed simultaneously 
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(e.g., clock pulses together with adder output pulses in a digital 
computer, or input and output waves in an analog computer). 


Because of the high speed of the digital computer, an oscilloscope 
used with that machine must have a wide vertical passband and 
excellent transient response, and it must be equipped with a low- 
capacitance probe. Generally, a passband extending from dc to 200 
kc is adequate for analog computer applications, but here again, 
excellent transient response is required because some dynamic data 
may embody rapid changes. 


The signals in the digital computer are fast pulses related to each 
other in various ways. The signals in the analog computer may be 
voltage amplitudes, pulses, or curves which depict variation of some 
function. The operator must know exactly what kind of signal 
should appear at each point in either of these circuits in order to 
interpret profitably the oscilloscope pattern either in troubleshoot- 
ing or readout. Because analog and digital computers may be used 
in numerous ways to handle data of various sorts, not every situa- 
tion can be treated in this volume. Illustrative applications are pre- 
sented. 


Much of computer troubleshooting consists of testing familiar in- 
dividual quantities, components, or circuits. Many of these tests are 
detailed elsewhere (see Sections 3.1, 3.2, 3.4, 3.6, 3.7, 4.1, 4.2, 4.9, 
4.10, 4.13, 5.3, and 5.4). However, much of it also demands solid 
knowledge of computer theory and operation. In this connection, 
the reader is referred to the following Rider books: Basic Pulses, 
Irving Gottlieb; Basics of Analog Computers, T. D. Truitt and A. E. 
Rogers; Basics of Digital Computers (3 volumes), John S. Murphy; 
and Understanding Digital Computers, Ronald Benrey. 


Signal Amplitude in Analog Computer. Measure signal-voltage 
amplitude, using either of the standard methods for voltage meas- 
urement (Volume 1, Chapter 5). Use a-c or d-c oscilloscope as 
required. When voltage is alternating, fluctuating, or pulsating, fre- 
quency and transient characteristics of the oscilloscope must be 
adequate for faithful reproduction of the shapes. 


Operational amplifiers in analog computers may be set up in 
various ways with resistance (R) and capacitance (C) to handle 
calculations with a varying input signal (E,). For example, a differ- 
entiating amplifier will give an output voltage: 
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E, = (dE,/dt) RC, 


and an integrating amplifier will give: 


Exes IRE) E, dt. 


tl 


Output voltage of the differentiating amplifier is proportional to 
rate of change (dE,/dt) of input voltage E,; output voltage of the 
integrating amplifier evaluates the area under the E; curve. Thus, 
these are calculating amplifiers. The values of E;, E,, t; and ts are 
measured on the voltage-calibrated vertical axis and time-calibrated 
horizontal axis, respectively. 

Nonrepetitive data will not give a stationary display on the screen 
unless a storage-type oscilloscope is used. When this type of instru- 
ment is not available, photograph the display for later study and 
measurement. 


Current Component in Analog Computer. Current can be meas- 
ured by the inserted-resistor method (Sections 5.6 and 5.7, Volume 
1), but the current-probe method (Section 3.1, Volume 2) should 
be used wherever insertion of a resistor might degrade circuit oper- 
ation. Current components are handled in calculations in much the 
same way that voltage components are used in the preceding ex- 
planation. 


Gain of Operational Amplifier in Analog Computer. Measure 
operational-amplifier voltage gain (a-c or d-c) by the conventional 
method of separately determining input voltage E; and output 
voltage E, and calculating: 


VG = E/E. 


The test signal may be supplied by the data signal entering the am- 
plifier from the rest of the computer system, or by an a-c or d-c 
source (whichever applies). Measure the gain under open-loop 
conditions, unless instructed otherwise. 


Dual Presentation of Analog Computer Information. With a dual- 
trace oscilloscope, two signals (such as input and output informa- 
tion of an operational amplifier) may be displayed simultaneously 
for comparison. This is a convenience in some calculations. The 
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number of signals which may be handled simultaneously may be 
further increased by using a multiple-trace oscilloscope. 


Checking Clock Signal in Digital Computer. For this test, con- 
nect the oscilloscope vertical input to the clock generator output 
(often this is the clock track output of a revolving memory drum) 
and adjust the sweep frequency and internal sync for one stationary 
pulse on the screen. Check amplitude, duration, rise time, fall time, 
and overshoot of pulse (see Section 3.4). Determine the pulse repe-: 
tition rate (clock frequency) from calibrated sweep controls: it is 
that sweep frequency which produces one pulse on the screen. Also 
observe if the pulse is free of vertical and horizontal jitter (vibra- 
tion), and check for noise in the clock output (Section 3.7). 

Inverter Operation in Digital Computer. A properly operating in- 
verter stage will flip an applied pulse over. This action results from 
the 180° phase shift introduced by the stage. 


Low-Capacitance 
Probe 


INVERTER 


Input Output 


Vertical Input 


(A) TEST SETUP 


(B) INPUT PULSE (C) OUTPUT PULSE 


FIG. 5-9. Inverter operation. 
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The oscilloscope may be used, as shown in Fig. 5-9A, to check 
inverter operation. The input signal of the stage is supplied by a 
pulse generator, and the oscilloscope sweep and internal sync are 
adjusted for a single, stationary pulse on the screen (a signal pulse 
in the computer also may be used). When the low-capacitance 
probe is touched to input point A, an upright pulse (Fig. 5-9B) is 
obtained; when the probe is touched to output point B, an upside- 
down pulse (Fig. 5-9C) is obtained if the inverter is operating 
correctly. 

The patterns shown in Fig. 5-9B and C result from a positive (or 
positive-going ) input pulse. If a negative input pulse is used, Fig. 
5-9B will be upside-down instead, and Fig. 5-9C will be upright, to 
indicate correct operation. 

The output pulse should be examined for evidence of any amplli- 
tude or time distortion introduced by the inverter. 

Digital Memory Output. The contents of an operating memory 
unit in a digital computer may be sampled with the oscilloscope 
vertical input connected to the memory output. The oscilloscope 
sync must be internal, and the sweep set to a frequency low enough 
(compared to the computer clock frequency) to display as many 
memory pulses as can be read on the screen. 


| 
hi TTL DN MEMORY OUTPUT 


CLOCK OUTPUT 


(A) (B) 
WITHOUT CLOCK WITH CLOCK 


FIG. 5-10. Memory output. 


Figure 5-10A shows the type of display obtained. Here, the dotted 
vertical lines correspond to the clock pulse positions. The solid line 
trace shows pulses “read out” of the memory and, in this illustration, 
corresponds to 1101 which is the binary form of the number thirteen. 
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If a dual-trace oscilloscope is used, the clock pulses may be dis- 
played simultaneously with the memory pulses, as shown in Fig. 
5-10B. Here, the second vertical input is connected to the clock 
output. 


Low-Capacitance 
Probe 


Trigger 
Input 


Vertical 
Input 


(A) SINGLE-TRACE TEST SETUP 


INPUT TREN Trace No. | 
OUTPUT oe Trace No.2 


(B) INPUT (C) OUTPUT (E) 


Low-Capacitance 


Probe 
Fire sy 


FELP-FLOP 
Input Out put 


Vertical 
Input No.| 


Vertical 
Input No. 2 


DUAL-TRACE 
OSCILLOSCOPE 


(D) DUAL-TRACE TEST SETUP 


FIG. 5-11. Flip-flop operation. 


Digital Computer Flip-Flop Operation. Flip-flops are employed 
in large numbers in a digital computer. Since these units are bi- 
stable, they are essentially scale-of-two counters. Several types are 
used in digital systems—tube, transistor, tunnel diode, magnetic, and 
electrostatic. Flip-flop operation may be checked with the test setup 
shown in Fig. 5-11A. In this arrangement, the low-capacitance probe 
is touched first to input point A of the operating flip-flop, and the 
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oscilloscope sweep frequency and internal syne are adjusted for 
two, stationary input-trigger pulses on the screen (Fig. 5-11B). 
Without disturbing the settings of the oscilloscope controls, the 
probe is then transferred to flip-flop output point B. The image at 
this point will be a single output pulse (Fig. 5-11C) since a cor- 
rectly operating flip-flop will halve the input-trigger frequency 
(repetition rate). 

A dual-trace oscilloscope may be connected to the flip-flop as 
shown in Fig. 5-11D. The corresponding output pattern (Trace 2) 
and input pattern (Trace 1) are shown in Fig. 5-11E. 

Digital Computer Logic-Circuit Elements. Operation of the basic 
AND and OR logic elements may be checked by observing the 
coincidence and noncoincidence of input and output pulses associ- 
ated with these elements. Although the position of the pulses may 
be determined separately along the time-calibrated horizontal axis 
of a single-trace oscilloscope, accuracy is improved by observing the 
pulses simultaneously with a multi-trace instrument. 


MULTIPLE-TRACE 
OSCILLOSCOPE 


Low- 
Capacitance 
Probe 


Low-Capacitance 
Probe 


INPUT | 
INPUT 2 Vertical 
Low- wa Input No.1 
Capacitance | 
Probe 
4 
I 
Use Internal 
Vertical Input No.3 ‘J Sweep And 
ie Internal Sync 
(A) TEST SETUP i 
OUTPUT 
INPUT | 
INPUT 2 


(B) RESPONSE 


FIG. 5-12. AND circuit check. 
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Figure 5-12A shows a test setup for the AND element. As shown 
in Fig. 5-12B, this logic element, when operating correctly produces 
an output pulse only when input 1 and input 2 both receive input 
pulses simultaneously. 


MULTIPLE-TRACE 
OSCILLOSCOPE 


Low— 
Capacitance 
Probe 
INPUT | 
INPUT 2 


Low- 
Capacitance 
Probe 


Low-Capacitance 
Probe 


Vertical 
Input No. | 


Use Internal 
Sweep And 
Internal Sync 


(A) "TEST SETUP 


OUTPUT 


INPUT | 
INPUT 2 


(B) RESPONSE 


FIG. 5-13. OR circuit check. 


Figure 5-13A shows a test setup for the OR element. As shown 
in Fig. 5-13B, this logic element,. when operating correctly, pro- 
duces an output pulse when either input receives a pulse. 

Elaborations of these circuits, or combinations of AND and OR 
circuits may be checked in a similar fashion. Thus, a matrix may be 
considered to be a number of specially connected AND circuits so 
arranged that an output pulse occurs at a given terminal only when 
a certain combination of input terminals receive pulses. 
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INDEX 


Acceleration, measurement of, 
2-39 

Accessories, oscilloscope, 2-5 

Acoustic noise, measurement of, 
2-31 

AND circuit, 2-97 

Angle of conduction, measure- 
ment of in thyratron, 


2-86 


Beam-splitting mirror, 2-9 

Blocking-oscillator signal volt- 
ages, 2-80 

Break time, relay, 2-50 

Bridge null detector, use of 
oscilloscope as, 2-71 


Calibrated time base, 2-3 
Camera 
conventional, 2-11 
lenses, 2-8 
moving-film, 2-13 
Polaroid, 2-6 
self-processing, 2-6 
shutter speed measurement, 
2-88 
Camera shutter speed, 2-88 
Capacitance, measurement of, 
2-39 
Checking components, 2-45 
Chopper for dual trace, 2-4 
Choppers, 2-55 
Clock signal in digital computer, 
2-93 
Collector mesh, 2-15 
Commutator ripple in generator, 
measurement of, 2-74 
Component checking, 2-45 
Components 
choppers, 2-55 
ferroelectric, 2-48 


2-99 


magnetic, 2-46 
microphones, 2-57 
relays, 2-50 
vibrators, 2-52 
Computer testing with oscillo- 
scope, 2-90 
Conduction angle of thyratron, 
measurement of, 2-86 
Conventional camera, 2-11 
Current’ component in analog 
computer, 2-92 


Deflection factor, 2-3 

Diode 
recovery time, 2-64 
switching characteristics, 2-63 
visual test, 2-61 

Dual-beam two-trace operation, 


2-4 


Electrical noise, measurement 
of, 2-29 

Electromechanical chopper, 2-55 

Engine pressure, measurement 
of, 2-85 

Erase button, 2-14 

Exposure time, 2-8, 2-11 


Fall time, 2-27 
Features of professional oscillo- 
scope, 2-1 
Ferroelectric components, test- 
ing, 2-48 
Film 
conventional, 2-11 
Polaroid, 2-9 
Filter response, measurement of, 
2-82, 
Flip-flop, digital computer, 2-95 
Flood gun, 2-14 
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GASH, 2-48 

Generator 
commutator ripple, 2-74 
pulse, 2-5 
time-mark, 2-5 

Graflock back, 2-11 


Hand recording, 2-16 
Horizontal plug-in units, 2-4 
Hysteresis 
electrostatic, 2-48 
magnetic, 2-46 


Inductance, measurement of, 
2-42 

Intensification of image, 2-13 

Ion-repeller mesh, 2-15 


Laboratory-type oscilloscope, 2-2 

Lenses, camera, 2-8 

Light hood, 2-12 

Logic circuit elements, digital 
computer, 2-96 


Magnetic components, testing, 
2-46 
Magnetic saturation, 2-46 
Make-time, relay, 2-50 
Memory output, digital com- 
puter, 2-94 
Memotron, 2-14 
Microphones, testing, 2-57 
Mirror 
beam-splitting, 2-9 
viewing, 2-9 
Moving-film camera, 2-13 
Multivibrator signal voltages, 
measurement of, 2-79 


Noise 
acoustic, 2-31 
electrical, 2-29 
potentiometer, 2-58 
Nonrepetitive sweep, 2-3 
Null detector, use of oscilloscope 
as, 2-71 


Object speed, measurement of, 
2-35 


Operational amplifier gain in 
analog computer, 2-92 

Optical system, 2-8 

OR circuit, 2-97 

Oscilloscope accessories, 2-5 

Overshoot, 2-27 


Performance checking, 2-74 
Phosphors, 2-9 
Plug-in units 
dual-trace, 2-4 
horizontal channel, 2-4 
time-base, 2-4 
vertical channel, 2-4 
Polaroid camera, 2-6 
Polaroid film, 2-9 
Potentiometer noise, 2-58 
Power supply ripple, checking 
of, 2-76 
Preshoot, 2-27 
Pressure 
engine, 2-85 
general, 2-38 
measurement of, 2-38 
Professional oscilloscope, fea- 
tures, 2-1 
Pulse characteristics, observa- 
tion, 2-25 
Pulse delay checking, 2-24 
Pulse duration, 2-27 
Pulse generator, 2-5 
Pulse repetition rate, 2-27 


Recording from oscilloscope, 2-6 
Rectifier testing, 2-60 
Reflectograph, 2-6 
Relays, testing of, 2-50 
Repetition rate, 2-27 
Ripple 

commutator, 2-74 

power supply, 2-76 
Rise time, 2-27 
Rotational speed, 2-33 


Self-processing camera, 2-6 

Semiconductor diode testing, 
2-61 

Semiconductor rectifier testing, 
2-60 


Semiconductor-type chopper, 
2-55 
Signal voltages 
analog computer, 2-91 
blocking oscillator, 2-80 
clock in digital computer, 2-93 
flip-flop in digital computer, 
-95 


inverter in digital computer, 
2-93 
logic circuits in digital com- 
puter, 2-96 
memory in digital computer, 
2-94 
multivibrator, 2-79 
Single sweep, 2-3 
Speed 
object, 2-35 
rotational, 2-33 
Square wave characteristics, 
2-27 
Storage mesh, 2-15 
Storage oscilloscope, 2-14 
Strain, measurement of, 2-37 
Sweep 
nonrepetitive, 2-3 
single, 2-3 
Sweep delay, 2-4 
Switching characteristics 
chopper, 2-57 
diode, 2-63 
relay, 2-52 
transistor, 2-65 
vibrator, 2-54 
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Thyratron conduction angle, 
measurement of, 2-86 
Time base, calibrated, 2-3 
Time-base plug-in units, 2-4 
Time interval measurement 
described, 2-19 
by direct comparison, 2-23 
with frequency-calibrated 
sweep, 2-21 
with time-calibrated sweep, 
2-20 
with timing wave, 2-22 
Time-mark generator, 2-5 
Transients, observation, 2-28 
Transistor 
switching characteristics, 2-65 
visual testing, 2-69 
Transistor switching characteris- 
tics, 2-65 
Tunnel diode testing, 2-67 


Vertical plug-in units, 2-4 
Vertical response, 2-2 

Vertical sensitivity, 2-3 
Vibration, measurement of, 2-32 
Vibrators, checking, 2-52 
Viewing mesh, 2-15 

Viewing mirror, 2-9 


Wide-range vertical response, 
2-2 

Writing gun, 2-14 

Writing rate, 2-9 
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Practical Oscilloscope Handbook Rufus P. Turner 


This is an up-to-date guidebook for everyone who wants to use the oscillo- — 
scope effectively in a wide variety of test situations. Electronic funda- 
mentals and theories have been avoided except where a brief digest is 
essential to understanding the application. Technical jargon is kept to a 
minimum and skeleton circuits and block diagrams are used instead of 
detailed circuits. Each operation is illustrated. 


Volume II considers applications to science and industry. Its aim is to 
give clear guidance in using the oscilloscope for specific tests and measure- 
ments. Most of the tests described, like those in Volume I, may be made 
with a relatively simple instrument. Several require an oscilloscope having 
some special features. 


Tests included in the second volume cover such areas as measuring 
physical quantities (vibration, noise, acceleration, etc.); checking com- 
ponents — both electronic and electrical; and, checking performance of 
electronic and non-electronic devices — from electrical generators to 
cameras and gas engines. 


Volume I explains the applications of interest primarily to general tech- 
nicians, radio operators, and hobbyists. 
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Devoted entirely to grid-dip oscillators, this book discusses the construc- 
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to all kinds of radio receivers and transmitters, also to television receivers. 
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